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PREFACE 

In  the  following  pages  the  author  has  en- 
deavored to  illustrate  the  mechanical  appUcation 
of  the  principles  of  Descriptive  Geometry  to  the 
making  of  a  perspective  drawing.  Two  methods 
are  used:  the  ^'Method  by  the  Use  of  the  Plan/' 
where  the  orthographic  projections  of  rays  are 
used,  and  the  ^'Method  by  Scale."  In  the  former, 
all  details  should  be  drawn  with  instruments, 
especially  if  there  is  much  mechanical  labor  en- 
tailed. On  the  other  hand,  the  ^^  Method  by 
Scale''  should  serve  the  purpose,  and  is,  in  fact, 
the  quicker  process,  where  the  accurate  location 
of  the  leading  or  important  points  only  is  desired. 
The  first  method  is  discussed  mainly  for  the 
assistance  of  the  mechanical  draftsman,  whereas 
the  second  is  intended  for  the  artist  and  free- 
hand draftsman. 

In  writing  this  treatise  the  author  has  assumed 
that  the  student  is  more  or  less  familiar  with 
Descriptive  Geometry.    The  subjects  taken  have 
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been  selected  with  a  view  toward  illustrating 
important  principles  and  for  their  general  in- 
terest. 

In  addition  will  be  found  a  large  number  of 
problems  covering  these  principles  as  applied  to 
the  illustrated  subject,  in  a  variety  of  positions. 

Shekman  M.  Turrill. 

Chicago,  111., 
January,  1910. 
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PART  I 

PERSPECTIVE  BY  ORTHOGRAPHIC 
PROJECTION 


Chapter  I 
PERSPECTIVE 

I.  The  perspective  of  any  object  is  its  projec- 
tion on  a  vertical  plane  when  the  point  of  sight 
is  at  a  finite  distance  from  the  object  and  the 
plane  of  projection,  which  is  commonly  called 
the  picture  plane,  as  ahcd,  Fig.  1. 

Point  of  sight  or  station  is  the  point  from  which 
the  object  is  viewed  and  is  the  apex  of  a  cone 
from  which  all  rays  from  different  points  of  the 
object  have  their  origin,  as  S,  Fig.  1.  Hence  the 
name  conical  projection,  which  is  sometimes  given 
as  the  definition  of  perspective. 

Picture  plane  is  the  vertical  plane  upon  which 
the  perspective  is  drawn  and  is  usually  between 
the  object  and  the  point  of  sight,  as  P.  P.,  Fig.  1. 
If  it  is  desired  to  have  the  perspective  larger  than 
the  object  the  picture  plane  is  placed  behind  the 
object  and  the  rays  of  light  pass  from  the  point 
of  sight  through  the  object  to  the  picture  plane 
behind. 

The  horizon  is  the  line  of  intersection  of  the 
picture  plane  with  a  horizontal  plane  through 
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the  point  of  sight,  as  shown  in  Fig.  1.  These 
two  planes  are  always  perpendicular  to  each 
other. 

The  center  of  picture  is  the  orthographic  pro- 
jection of  the  station  on  the  picture  plane,  as  s", 
Fig.  1. 

The  vanishing  point  of  any  line  or  system  of 
Hnes  is  found  by  passing  a  line  through  the  station 
parallel  to  the  line  or  system  of  hnes,  and  the 
point  where  this  hne  intersects  or  pierces  the 
picture  plane  is  the  vanishing  point  of  the  line 
or  system  of  hnes.  In  other  words  it  is  the 
perspective  of  infinity,  the  point  where  the  parallel 
hnes  of  any  system  meet.  If  the  Hnes  are  hori- 
zontal their  vanishing  point  is  in  the  horizon,  as 
V.  P.,  Fig.  1.  If  not  horizontal  the  vanishing 
point  is  above  or  below  the  horizon  as  (V.  P.)^  in 
P.  P.,  Fig.  1. 

By  indefinite  perspective  of  a  hne  is  meant 
the  perspective  of  a  line  which  extends  from  the 
picture  plane  to  infinity,  c"  V.  P.,  Fig.  1,  is  the 
perspective  of  such  a  hne,  c"  being  the  perspective 
of  the  point  of  the  hne  CB  in  the  picture  plane, 
and  V.  P.  being  the  perspective  of  that  point  of 
the  hne  CB  which  is  at  infinity.  Fig.  1. 

The  definite  perspective  of  a  line  is  the  per- 
spective of  a  definite  portion  of  an  indefinite 
perspective  and  is  any  portion  of  the  indefinite 
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perspective.  Thus  the  perspective  he  is  a  portion 
of  the  indefinite  perspective  c"  V.  P.,  and  hence 
the  definite  perspective  of  B  C,  Fig.  1. 

Parallel  perspective  of  any  object  is  the  per- 
spective of  that  object  when  at  least  one  of  the 
faces  of  a  parallelopiped  enclosing  the  object  is 
in  or  parallel  to  the  picture  plane  as  shown  in 
Fig.  1.  pictorially  and  in  Figs.  2  and  3  ortho- 
graphically. 

NOTATION 

II.   Station  or  Point  of  Sight  is  represented 

by S. 

Picture  Plane  is  represented  by P.P. 

Horizon  is  represented  by Hor. 

Horizontal  Plane  is  represented  by H. 

Vanishing  Point  is  represented  by V.  P. 

Points  themselves  are  represented  by  capital 
letterS;  and  their  projections  by  small  letters  with 
the  power  h.  or  v.  designating  horizontal  or  verti- 
cal projections  respectively. 

Lines  are  represented  by  two  points. 

Planes  are  named  by  a  capital  letter,  and  rep- 
resented by  their  traces,  these  traces  being  let- 
tered with  the  prefix  H.  or  V.  placed  before  the 
capital  letter  of  the  plane  to  designate  horizontal 
and  vertical  trace  of  the  plane. 
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Where  a  line  lies  in  an  oblique  plane,  it  will 
intersect  the  horizontal  and  vertical  planes  of 
projection  if  produced,  and  where  it  intersects 
these  planes  of  projection  is  lettered  h.  i.  and  v.  i. 
respectively. 

Center  of  picture  is  the  vertical  projection  of 
the  station. 


Chapter  II 
PARALLEL  PERSPECTIVE 

III.  In  the  pictorial  illustration,  Fig.  1,  let 
ABODE  represent  a  pyramid  in  space,  one  of  the 
faces  c V  C  D  enclosing  it  being  parallel  to  the  pic- 
ture plane.  The  orthographic  projection  of  this 
object  in  the  horizontal  plane  H.  is  aVc''  etc. 
Its  vertical  projection  in  the  picture  plane  P.  P. 
is  aVd".  The  horizontal  projection  of  S,  the  sta- 
tion, is  s^,  and  of  the  rays  S  Bj  S  D,  etc.,  is  sV, 
sV,  etc.,  which  intersect  XX  in  6'',^'',  etc.  From 
these  points  erect  perpendiculars  to  H.  and  they 
he  in  the  picture  plane  P.  P.  These  last  hnes,  if 
produced  far  enough,  will  intersect  their  corre- 
sponding rays  in  h,  d,  etc.,  which  are  the  perspec- 
tive of  the  points  5,  Z),  etc.  If  these  points  in 
the  perspective  are  joined  by  lines  in  the  same 
sequence  as  the  original  object  we  will  have  the 
perspective  abed  of  the  object  ABODE, 

The  method  by  vanishing  points  is  the  one  used 

in  practice  and  will  now  be  described  by  the  use 

of  Fig.  1.    The  steps  are  the  same  as  above  up  to 

and  including  the  perpendiculars  in  P.  P.    In 
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order  to  obtain  the  vanishing  point  (V.  P.)  pass 
through  the  station  S,  a  straight  hne  parallel  to 
CB  and  DE.  The  horizontal  projection  of  this 
hne  through  S  is  sV  parallel  to  cV.^  From  s* 
erect  a  perpendicular  to  H.  intersecting  the 
parallel  hne  from  S  in  s".  This  is  where  the 
parallel  line  through  S  intersects  the  picture  plane 
P.  P.,  and  is  the  vanishing  point  of  the  system 
of  lines  parallel  to  CB,  and  is  the  perspective  of 
infinity  where  these  parallel  hnes  meet.  The  line 
C  B,  if  produced,  intersects  the  picture  plane  in 
c",  and  the  indefinite  perspective  of  the  hne  C  B 
is  c"  V.  P.,  and  the  definite  perspective  of  that 
portion  of  the  line  from  C  to  5  is  cb,  found  by 
dropping  perpendiculars  in  P.  P.  from  h''  and  c* 
until  they  intersect  the  indefinite  perspective 
c''  V.  P.  in  6  and  c.  The  same  method  of  reason- 
ing is  followed  for  the  line  DE  and  a  line  through 
A  parallel  to  D  E,  and  thus  a  and  d  are  found. 
To  complete  the  perspective,  lines  are  drawn 
from  do  d,  d  to  a,  c  to  a,  and  h  to  a,  and  we  have 
the  perspective  abed  of  the  object  A  B  C  D.  As 
a  check  on  the  work  cd  should  be  parallel  to 
c^d""  and  XX  since  C  D  is  parallel  to  H.  and  P.  P., 
and  therefore  a  hne  through  S  parallel  to  C  D 
meets  P.  P.  at  infinity,  and  therefore  the  per- 

*  If  two  lines  are  parallel  in  space  their  corresponding  projec- 
tions are  parallel. 
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spective  of  C  i)  is  parallel  to  itself.  As  another 
check  we  can  find  the  vanishing  point  of  A  C. 
It  is  found  by  passing  a  fine  through  S  parallel  to 
A  C,  and  where  it  intersects  P.  P.  is  the  vanishing 
point  of  A  C.  To  find  this  pass  through  the 
horizontal  and  vertical  projections  of  S,  i.e.,  s^ 
and  s"",  straight  fines  sV,  s"  (V.  P.)^  parallel  to 
the  corresponding  projections  of  A  C,  i.e.,  aV, 
aV. 

From  o""  in  X  X  erect  a  perpendicular  to  H.  in 
P.  P.  and  it  intersects  the  fine  through  s""  in 
(V.  P.)^,  which  is  the  vanishing  point  of  A  C. 
Hence  when  c  is  determined,  draw  the  fine  c 
(V.  P.)^  and  it  should  coincide  with  ca,  and  fike- 
wise  we  can  find  the  vanishing  points  oi  A  D 
and  A  E. 

IV.  The  orthographic  projection  of  the  per- 
spective abed  is  shown  in  Fig.  2.  The  same 
points  bear  the  same  letters  as  in  Fig.  1,  so 
that  the  above  description  for  the  method  of 
vanishing  points  will  describe  this  figure,  only 
bearing  in  mind  that  the  horizontal  and  vertical 
planes  of  Fig.  1  are  so  swung  that  the  part  of  H. 
in  front  of  X  X  and  that  part  of  P.  P.  below 
XX  coincide  and  are  below  X  X  while  that  part 
of  H.  back  of  X  X  and  that  part  of  P.  P.  above 
X  X  also  coincide,  and  are  above  X  X  as  shown 
in  Fig.  2. 
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V.  Figure  3  gives  the  orthographic  projection 
of  a  more  comphcated  problem  of  parallel  per- 
spective than  was  found  in  Fig.  2.  The  X  X 
axis  or  horizontal  projection  of  the  picture  plane 
and  the  plan  of  the  building  aVfrnl"  are  located 
so  that  one  end  of  the  building  is  parallel  to  the 
picture  plane.  The  horizontal  projection  of  the 
station  point  s^  is  so  chosen  at  random  that  a 
good  perspective  is  obtained,  and  the  horizontal 
projection  of  the  rays  sV,  sV,  s^d^,  etc.,  are  drawn 
intersecting  the  X  X  axis  in  a^,  c^,  (fj  etc.,  respec- 
tively. The  edges  of  the  building  or  lines  AM,PLj 
C  J,  etc.,  are  produced  until  they  intersect  the 
picture  plane  and  the  vertical  intersection  of  these 
lines  are  shown  in  a",  p"j  c'',  etc.,  respectively. 
The  points  are  connected  as  shown,  and  we  get 
the  end  of  the  building  in  its  true  shape  and  size. 
The  vanishing  point,  of  the  system  of  parallel 
lines  AM,  PL,  C  J,  etc.,  is  found  by  passing  a 
Hne  through  S  parallel  to  them  and  where  it 
intersects  the  picture  plane  is  the  vanishing  point. 
We  therefore  draw  a  hne  through  s'',  parallel  to 
a^m^j  pV,  etc.,  intersecting  the  XX  axis  in  s"", 
and  the  perpendicular  from  s*  to  the  intersection 
with  the  horizon  gives  V.  P.,  since  the  system  of 
lines  is  horizontal.  The  indefinite  perspective  of 
the  above  system  is  then  found  or  shown  by 
a"  V.  P.,  p"  V.  P.;  c"  V.  P.,  etc.    The  definite 
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perspectives  of  these  lines  are  then  found  by 
dropping  perpendiculars  from  a"",  {nf  not  shown), 
p^j  Vy  d",  f,  etc.,  until  they  intersect  their  re- 
spective indefinite  perspectives,  and  that  portion 
included  between  the  respective  points  is  the 
definite  perspective  a  (m  not  shown),  plj  c  j,  etc. 
To  get  the  perspective  of  R  draw  the  horizontal 
projection  of  a  ray  from  r^,  and  where  this  ray 
intersects  the  X  X  axis  in  r^  erect  a  perpendicular, 
and  where  it  intersects  the  indefinite  perspective 
f  V.  P.  will  be  the  perspective  of  R  represented 
by  r.  Join  cr  and  we  have  the  perspective  cr  of 
C  R.  The  perspectives  of  0  A,  J  K,  etc.,  are 
found  in  the  same  way.  The  perspectives  of 
PR,  P Oj  etc.,  are  found  by  first  obtaining  the 
perspective  p  and  then  join  r  and  p,  also  o  and  p, 
etc.  The  perspectives  or,  cc^,  aa^,  etc.,  are  all 
perpendicular  or  parallel  to  the  horizon,  for  hori- 
zontal or  perpendicular  lines  parallel  to  the  pic- 
ture plane  bear  the  same  relation  to  the  horizon 
in  perspective. 

The  perspective  of  the  wing  is  found  as  follows. 
Produce  a  horizontal  line  through  F  and  /  until 
it  intersects  the  picture  plane  and  is  represented 
by  /"".  The  indefinite  perspective  of  FI  is  /"" 
(V.  P.),  and  the  definite  perspective  fi  is  found 
as  described  for  other  lines.  The  perspective  fd 
is  a  line  parallel  to  the  horizon,  and  the  perspective 
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d  is  found  by  drawing  a  ray  dh^y  and  where  it 
intersects  X  X  in  d''  drop  a  perpendicular,  and 
where  it  crosses  the  horizontal  hne  through  / 
gives  d.  By  following  these  principles  for  each 
point  the  entire  perspective  is  constructed.  The 
perspectives  op,  pr,  re,  etc.,  could  be  obtained  by 
finding  the  vanishing  points  of  these  lines,  and 
as  an  illustration  of  this  method  we  will  take  the 
line  R  P.  r^p^;  fp"  are  the  horizontal  and  ver- 
tical projections  of  R  P.  Therefore  to  find  the 
vanishing  point  of  this  Hne  pass  through  the 
station  a  hne  parallel  to  R  P.  The  projections 
of  this  line  through  the  projections  of  the  station 
are  sV,  sT,  and  will  be  parallel  to  the  projections 
r^p^;  r'"'p",  respectively.  Where  this  hne  S  T  inter- 
sects the  picture  plane  will  be  the  vanishing  point 
of  the  line  R  P,  and  it  is  represented  by  (V.  P.)^, 
and  the  perspective  oi  RP  lies  on  the  line  r 
(V.  P.)^  and  coincides  with  the  hne  rp  already 
drawn.  In  like  manner  the  perspective  of  any 
line  in  the  drawing  can  be  found. 

PROBLEMS  IN  PARALLEL  PERSPECTIVE 

VI.  1.  Find  the  parallel  perspective  of  Fig.  3 
when  the  end  of  the  building  is  in  the  picture 
plane. 

2.  Find  the  perspective  of  Fig.  3  when  the 
building  is  turned  through  90°  and  FI  is  parallel 
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to  the  picture  plane,  and  find  the  vanishing  point 
of  at  least  one  system  of  obhque  fines. 

3.  Find  the  parallel  perspective  of  Fig.  3  when 
FI  is  in  the  picture  plane,  and  find  the  vanishing 
point  of  at  least  one  system  of  oblique  fines. 

4.  Find  the  perspective  of  Fig.  3  when  the 
station  is  moved  as  far  to  the  left  as  it  is  to  the 
right  of  the  center  of  the  picture. 

5.  Find  the  parafiel  perspective  of  Fig.  3  when 
the  wing  is  removed  and  the  end  of  the  roof  has 
no  triangular  sloping  surface,  and  find  the  vanish- 
ing point  of  at  least  one  system  of  oblique  lines. 

6.  Find  the  parallel  perspective  of  Fig.  4  when 
A  B  is  parallel  to  the  picture  plane. 

7.  Find  the  parallel  perspective  of  Fig.  4  when 
A  B  is  in  the  picture  plane,  and  find  the  vanish- 
ing point  of  at  least  one  system  of  oblique  lines. 

8.  Find  the  parallel  perspective  of  Fig.  4  when 
BC  is  parallel  to  the  picture  plane,  and  find  the 
vanishing  point  of  at  least  one  system  of  obfique 
fines. 

9.  Find  the  perspective  of  Fig.  4  when  B  C  is 
in  the  picture  plane. 

10.  Find  the  perspective  of  Fig.  4  when  A  B 
is  parallel  to  the  picture  plane  and  the  parallelo- 
piped  EI  rests  on  the  right  side  of  the  cube  or  on 
the  edge  B  C. 

11.  Find  the  perspective  of  Fig.  4  when  A  B 
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is  parallel  to  the  picture  plane  and  the  block  EI 
rests  on  the  edge  A  B,  and  the  entire  object  is 
behind  the  picture  plane;  and  find  the  vanishing 
point  of  at  least  one  system  of  obhque  fines. 

12.  Find  the  perspective  of  Fig.  4  when  an 
edge  of  the  cube  is  parallel  to  the  picture  plane, 
but  the  object  is  in  front  of  the  picture  plane 
instead  of  behind  it. 

13.  Find  the  perspective  of  Fig.  3  when  the 
object  is  in  front  of  the  picture  plane,  and  find 
the  vanishing  point  of  at  least  one  system  of 
obfique  fines. 

14.  Find  the  perspective  of  a  right  parallelo- 
piped  when  one  face  is  parallel  to  the  picture 
plane  and  one  end  is  the  base  of  the  object. 

15.  Find  the  perspective  of  a  right  parallelo- 
piped  when  one  face  is  parallel  to  the  picture 
plane  and  one  face  as  the  base  of  the  object,  the 
ends  being  both  perpendicular  to  the  base  and 
the  picture  plane. 

16.  Find  the  perspective  of  a  right  parallelo- 
piped  when  the  end  is  parallel  to  the  picture  plane. 

17.  Find  the  perspective  of  a  right  parallelo- 
piped  when  one  face  is  in  the  picture  plane. 

18.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  edge  is  parallel  to  the  picture 
plane  and  the  octagon  is  the  base. 

19.  Find  the  perspective  of  a  right  octagonal 


PARALLEL  PERSPECTIVE  15 

prism  when  one  face  is  parallel  to  the  picture 
plane  and  the  octagon  is  the  base. 

20.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  edge  is  in  the  picture  plane  and 
the  octagon  is  the  base. 

21.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  edge  is  parallel  to  the  picture 
plane  and  one  of  the  rectangular  faces  is  the  base, 
and  find  the  vanishing  point  of  at  least  one  system 
of  obUque  Unes. 

22.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  face  is  parallel  to  the  picture 
plane  and  an  edge  is  the  base. 

23.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  face  is  in  the  picture  plane  and 
an  edge  is  the  base,  and  find  the  vanishing  point 
of  at  least  one  system  of  obUque  lines. 

24.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  edge  is  in  the  picture  plane  and 
one  of  the  rectangular  faces  is  the  base. 

25.  Find  the  perspective  of  a  parallelopiped 
block  with  a  mortise  in  one  face  and  one  end  of 
the  sohd  is  halved. 

26.  Find  the  parallel  perspective  of  a  parallelo- 
piped block  when  one  end  has  a  tenon  and  the 
other  square. 

27.  Find  the  perspective  of  a  right  square 
pyramid. 
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28.  Find  the  perspective  of  an  oblique  square 
pyramid  and  find  the  vanishing  point  of  at  least 
one  system  of  obhque  Hnes. 

29.  Find  the  perspective  of  a  tee  made  up  of 
two  parallelopipeds  of  the  same  size  and  with 
square  cross-sections. 

30.  Find  the  perspective  of  the  frustum  of  an 
oblique  square  pyramid^  and  find  the  vanishing 
point  of  at  least  one  system  of  oblique  hnes. 
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Chapter  III 
ANGULAR  PERSPECTIVE 

VII.  Figure  4  represents  the  angular  perspec- 
tive of  a  cube  with  a  parallelepiped  block  resting 
against  it.  The  object  is  placed  entirely  back 
of  the  picture  plane  and  at  any  convenient  dis- 
tance from  it,  and  according  to  the  definition  of 
angular  perspective  the  vertical  faces  are  placed  at 
oblique  angles  with  the  picture  plane  as  shown  in 
the  plan  (^h^&^.  The  vertical  projection  is  shown 
by  a^'lfc'^e^'  and  the  end  projection  by  a'h'fg\ 

The  station  S  is  selected  at  random  so  as  to  get 
as  good  a  perspective  as  possible,  its  horizontal 
projection  being  denoted  by  s^  and  its  vertical  by 
s""  on  the  horizon,  which  latter  is  the  intersec- 
tion of  the  picture  plane  with  a  horizontal  plane 
through  the  station  or  point  of  sight.  The  van- 
ishing points  of  the  four  systems  of  lines,  1st,  B  C, 
GK,  etc.;  2d,  AB,  etc.;  3d,  EG,  etc.;  4th,  E F, 
IK,  etc.;  are  found  by  passing  through  the  sta- 
tion Unes  parallel  to  these  systems,  as  sVj,  par- 
allel to  6V  and  s"  (V.  P.)^  parallel  to  &V;  sh^ 
parallel  to  a^h^  and  s^  (V.  P.)^  parallel  to  a^6";  sVj 

17 


18     ELEMENTARY  COURSE  IN  PERSPECTIVE 

parallel  to  eY  and  s"  (V.  P.)'  parallel  to  eY; 
sVa  parallel  to  iV  and  sV  parallel  to  iV,"^  re- 
spectively; and  where  they  intersect  the  picture 
plane  are  the  vanishing  points  of  the  respective 
systems,  as  (V.  P.)^ ;  (V.  P.)' ;  (V.  P.)^  etc.  The 
first  two  systems  are  horizontal  lines  and  hence 
the  vanishing  points  must  be  on  the  horizon. 
The  last  two  systems  are  obhque  Hnes,  and  the 
vanishing  point  must  be  above  or  below  the 
horizon  according  as  to  whether  the  system  of 
lines  recede  from  the  picture  plane  in  ascending 
or  descending.  In  this  perspective  the  horizontal 
projections  of  the  rays  sV,  etc.,  are  drawn  as  in 
parallel  perspective,  intersecting  the  XX  axis 
or  horizontal  projection  of  the  picture  plane  in 
a*,  h"",  6*,  etc.  From  these  points  perpendiculars 
to  X  X  are  drawn  and  on  these  lines  somewhere 
are  the  perspectives  of  the  points  A,  B,  E,  etc. 
In  order  to  locate  these  points  we  must  first  find 
the  indefinite  perspective  of  fines  containing  these 
points  and  the  most  convenient  lines  will  be  hori- 
zontal fines.  Therefore  pass  a  horizontal  fine 
through  B,  being  one  of  the  lines  of  the  system 
B  C,  G  K,  etc.,  and  hence  coinciding  with  B  C. 
The  indefinite  fine  B  C  extends  from  the  picture 
plane  to  infinity.     Its  intersection  with  P.   P. 

*  If  straight  lines  are  parallel  in  space  their  corresponding  pro- 
jections are  parallel. 
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being  found  by  drawing  a  horizontal  line  through 
h^c^  until  it  intersects  the  X  X  axis  at  rf,  then 
erect  a  perpendicular  to  XX,  also  draw  a  hori- 
zontal Une  through  h%  and  where  it  intersects  the 
perpendicular  is  the  point  where  B  C  intersects 
the  picture  plane  denoted  by  n".  This  perpen- 
dicular nV  is  called  a  measuring  Une  because  all 
lines  in  the  face  of  the  cube  B  C  intersect  the 
P.  P.  in  this  hne  rfn".  Therefore  the  indefinite 
perspective  of  all  horizontal  lines  lying  in  face 
B  C  are  drawn  from  points  in  nV  or  nV  produced 
to  (V.  P.)S  and  the  indefinite  perspective  of  the 
line  5  C  is  represented  by  n"  (V.  P.)S  and  the  defi- 
nite perspective  of  the  line  5  C  is  found  as  in 
parallel  perspective  and  shown  by  he.  The  per- 
spective of  the  bottom  edge  of  the  cube  parallel 
to  5  C  is  found  exactly  hke  h  c.  The  hne  A  B 
being  horizontal  and  of  the  second  system  we 
know  that  its  vanishing  point  is  (V.  P.)^  and  the 
perspective  of  B  is  h,  therefore  the  perspective 
oi  A  B  must  be  on  the  line  h  (V.  P.)^  and  the 
perspective  of  a  is  located  as  at  c.  The  perspec- 
tive of  the  cube  is  completed  by  the  repetition  of 
the  methods  described  in  this  article  or  those 
under  parallel  perspective.  The  perspective  of 
the  parallelopiped  is  now  to  be  described.  By 
passing  horizontal  lines  through  E,  F,  and  G, 
they  intersect  the  picture  plane  in  the  points 
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r\,  rl,  r",  respectively,  and  the  line  rh^^  is  a  measur- 
ing line  for  all  heights  in  the  plane  F  G.  The 
indefinite  perspective  of  these  horizontal  Unes  are 
rl  (V.  P.)',  n  (V.  P.)',  r  (V.  P.)',  since  they  are  of 
the  system  A  B,  etc.  The  perspectives  e  and  / 
are  found  in  the  same  manner  as  a  and  c.  The 
perspective  of  E  G,  etc.,  is  of  the  third  system, 
and  its  vanishing  point  is  (V.  P.)^  Its  indefi- 
nite perspective  is  found  by  finding  where  E  G 
produced  intersects  the  picture  plane  as  v  i 
and  connecting  it  with  (V.  P.)^  On  this  indefi- 
nite perspective  v  i  (V.  P.)^  are  the  perspectives 
of  E  and  G.  E  having  already  been  found  at  e 
where  the  perpendicular  from  e''  intersects  the 
indefinite  perspective  rl  (V.  P.)^  which  in  turn 
lies  on  the  indefinite  perspective  v  i  (V.  P.)^ 
The  perspective  g  of  the  point  G  is  found  from 
gV  and  a  perpendicular  to  X  X  from  ^*,  and 
where  it  intersects  the  indefinite  perspectives 
r"  (V.  P.)^  and  v  i  (V.  P.)^  The  perspectives  of 
the  other  fines  of  the  third  system  are  found  in  a 
similar  manner,  and  the  points  e  and  /;  i  and  kj 
etc.,  are  connected  and  the  perspective  ei  is  com- 
pleted. As  a  check  the  fines  ef,  ki,  etc.,  of  the 
fourth  system  should  meet  at  (V.  P.)^  Another 
check  is  to  find  the  perspectives  of  g,  k,  i,  etc.,  as 
e  and /were  found,  and  see  if  the  fines  joining  the 
proper  points  vanish  to  (V.  P.)^  or  (V.  P.)^     By 
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following  the  above  method  the  entire  perspective 
can  be  completed. 

PROBLEMS  IN  ANGULAR  PERSPECTIVE 

VIII.  1.  Find  the  perspective  of  Fig.  3  when 
one  edge  of  the  building  is  behind  the  picture 
plane,  and  find  the  vanishing  point  of  at  least  one 
system  of  obhque  hnes. 

2.  Find  the  perspective  of  Fig.  3  when  one 
edge  is  in  the  picture  plane. 

3.  Find  the  perspective  of  Fig.  3  when  the 
wing  is  removed  and  the  end  of  the  roof  has  no 
triangular  sloping  surface.  One  edge  is  behind 
the  picture  plane  and  the  point  of  sight  to  the 
right  of  the  object,  find  the  vanishing  point  of  at 
least  one  system  of  obhque  lines. 

4.  Find  the  perspective  of  Fig.  3  when  the 
wing  is  removed  and  the  end  of  the  roof  has  no 
triangular  sloping  surface.  One  edge  behind  the 
picture  plane  and  the  point  of  sight  to  the  left  of 
the  object,  and  find  the  vanishing  point  of  at 
least  one  system  of  obhque  hnes. 

5.  Find  the  perspective  of  Fig.  4  when  the 
vertical  edge  through  B  is  in  the  picture  plane. 

6.  Find  the  perspective  of  Fig.  4  when  block 
EI  rests  on  edge  A  B  and  E  is  in  the  picture  plane, 
and  find  the  vanishing  point  of  at  least  one  sys- 
tem of  oblique  lines. 
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7.  Find  the  perspective  of  Fig.  4  when  block 
EI  rests  on  edge  A  B  and  E  is  behind  the  picture 
plane. 

8.  Find  the  perspective  of  Fig.  4  when  block 
EI  rests  on  edge  C  D  and  vertical  edge  through 
B  is  behind  the  picture  plan^,  and  find  the  vanish- 
ing point  of  at  least  one  system  of  obUque  fines. 

9.  Find  the  perspective  of  Fig.  4  when  block 
EI  rests  on  edge  C  D  and  vertical  edge  through 
B  is  in  the  picture  plane. 

10.  Find  the  perspective  of  Fig.  4  when  block 
EI  rests  on  edge  B  C  and  vertical  edge  through  B 
is  parallel  to  the  picture  plane.  The  whole  object 
being  behind  the  picture  plane,  find  the  vanishing 
point  of  at  least  one  system  of  obfique  fines. 

11.  Find  the  perspective  of  Fig.  4  when  block 
EI  rests  on  edge  B  C  and  its  corner  nearest  to  the 
picture  plane  in  problem  10  is  in  the  picture  plane 
in  this  problem,  and  find  the  vanishing  point  of 
at  least  one  system  of  obfique  fines. 

12.  Find  the  perspective  of  Fig.  4  when  the 
entire  object  is  in  front  of  the  picture  plane,  and 
find  the  vanishing  point  of  at  least  one  system  of 
oblique  lines. 

13.  Find  the  perspective  of  a  right  parallelo- 
piped  when  the  object  rests  on  its  end  one  edge 
being  in  the  picture  plane. 

14.  Find  the  perspective  of  an  oblique  parallelo- 
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piped  when  the  object  rests  on  its  end  one  edge 
being  behind  the  picture  plane,  and  find  the  van- 
ishing point  of  at  least  one  system  of  obhque  Unes. 

15.  Find  the  perspective  of  a  right  parallelo- 
piped  when  the  object  rests  on  one  of  its  faces  and 
one  edge  is  behind  the  picture  plane  and  the  end 
perpendicular  to  the  base. 

16.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  edge  is  in  the  picture  plane  and 
one  end  is  the  base,  and  find  the  vanishing  point 
of  at  least  one  system  of  oblique  lines. 

17.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  corner  is  in  the  picture  plane  and 
one  face  is  the  base. 

18.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  edge  is  behind  the  picture  plane 
and  one  edge  is  in  the  base,  and  find  the  vanish- 
ing point  of  at  least  one  system  of  obhque  fines. 

19.  Find  the  perspective  of  a  right  octagonal 
prism  when  one  corner  is  behind  the  picture  plane 
and  one  face  is  the  base,  and  find  the  vanishing 
point  of  at  least  one  system  of  obfique  fines. 

20.  Find  the  perspective  of  a  right  octagonal 
prism  when  no  faces  are  parallel  to  the  picture 
plane  and  the  octagon  is  the  base,  one  of  the 
edges  being  parallel  to  the  picture  plane,  and 
find  the  vanishing  point  of  at  least  one  system  of 
obfique  fines. 
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21.  Find  the  perspective  of  a  parallelepiped 
block  with  a  mortise  in  one  face  and  one  end  of 
the  solid  is  halved,  one  edge  being  parallel  to  the 
picture  plane. 

22.  Find  the  perspective  of  a  parallelopiped 
block  when  one  end  has  a  tenon  and  the  other 
end  square,  one  edge  being  parallel  to  the  picture 
plane. 

23.  Find  the  perspective  of  a  right  square 
pyramid,  one  corner  behind  the  picture  plane. 
Find  the  vanishing  point  of  at  least  one  system 
of  obhque  lines. 

24.  Find  the  perspective  of  a  right  square 
pyramid  when  one  corner  is  in  the  picture  plane. 

25.  Find  the  perspective  of  an  obhque  square 
pyramid,  and  the  vanishing  point  of  one  system 
of  obhque  Unes. 

26.  Find  the  perspective  of  an  obhque  octagonal 
pyramid,  and  the  vanishing  point  of  at  least  one 
system  of  obhque  lines. 

27.  Find  the  perspective  of  a  tee  made  of  two 
parahelopipeds  of  the  same  size  and  with  square 
cross-sections,  one  edge  in  the  picture  plane. 

28.  Find  the  perspective  of  a  tee  made  of  two 
parahelopipeds  of  the  same  size  and  with  square 
cross-sections,  one  edge  being  behind  the  picture 
plane. 

29.  Find  the  perspective  of  the  frustum  of  an 
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oblique    square    pyramid.     Find    the    vanishing 
point  of  one  system  of  oblique  lines. 

30.  Find  the  perspective  of  a  triangular  prism 
and  the  vanishing  point  of  one  system  of  obUque 
lines. 


Chapter  IV 
PERSPECTIVE  OF  CURVES 

IX.  The  perspective  of  a  curve  is  found  by  the 
methods  of  parallel  or  angular  perspective.  In 
general  the  former  will  be  the  simpler  method  as 
shown  in  Fig.  5.  In  this  figure  the  curve  chosen 
to  find  the  perspective  of  is  a  circle  whose  hori- 
zontal projection  is  shown  as  a^6V^^,  etc.,  and 
vertical  projection  as  aV.  The  picture  plane,  or 
XX  axis,  horizon,  station,  and  vanishing  point 
are  located  as  described  in  parallel  perspective. 
The  station  having  been  determined  we  pass  rays 
from  it  to  a  finite  number  of  points  on  the  curve, 
their  horizontal  projection  being  denoted  by  sV; 
sV;  sV;  sy^,  etc.,  always  being  sure  to  draw  the 
extreme  rays  S  D  and  S  I  whose  horizontal  pro- 
jections, sV  and  sV,  are  tangent  to  the  curve. 
These  projections  of  the  rays  cross  the  X  X  axis 
in  a"",  ¥,  e%  f",  d"",  and  i"",  respectively.  Through 
the  points  A,  B,  E,  etc.,  of  the  curve  from  which 
rays  are  drawn,  pass  horizontal  hues  perpendicu- 
lar to  the  picture  plane,  their  horizontal  projec- 
tions being  shown  by  lines  through  a^,  V",  e^,  etc., 
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perpendicular  to  the  X  X  axis.  Their  front  pro- 
jections are  shown  in  the  points  a",  If,  e"",  etc., 
respectively.  The  vanishing  point  of  these  hori- 
zontal Hnes  is  V.  P.,  which  coincides  with  s". 
The  indefinite  perspective  of  these  horizontal  hnes 
is  a^V.  P.;  6"V.  P.;  e^V.  P.,  etc.,  respectively. 
From  the  points  a*,  6*,  e"",  etc.,  on  the  X  X  axis 
draw  Hnes  perpendicular  to  the  same,  and  where 
they  intersect  the  indefinite  perspectives  a^  V.  P. ; 
h"  V.  P.;  e^V.  P.,  etc.,  respectively,  in  a,  h,  e,  etc., 
is  the  perspective  of  these  points  of  the  curve. 
By  this  method  as  many  points  on  the  curve  as 
are  necessary  can  be  obtained. 

X.  If  we  wish  to  find  the  perspective  of  a  right 
cyUnder  as  shown  in  Fig.  5,  find  the  perspective 
of  another  curve  whose  horizontal  projection  co- 
incides with  the  first  curve  and  whose  vertical 
projection  is  a^^'^y  in  the  same  manner  as  in  the 
first  curve,  as  afiie^,  etc.  In  order  to  complete 
the  perspective  of  the  cyHnder,  vertical  fines  have 
to  be  drawn  from  the  extreme  points  of  the  per- 
spectives of  the  circles  as  lit,  and  dd^.  These 
points  are  the  perspectives  of  the  points  I,  D,  I^, 
Di,  and  in  horizontal  projection  are  the  points 
i^,  d^j  where  the  rays  are  tangent  to  the  curve. 
By  this  method  the  perspective  of  any  curved 
object  can  be  obtained. 
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PROBLEMS  IN  PERSPECTIVE  OF  CURVES 

XI.  1.  Find  the  perspective  of  a  right  circular 
cone. 

2.  Find  the  perspective  of  a  right  frustum  of 
a  circular  cone. 

3.  Find  the  perspective  of  an  oblique  cylinder 
with  an  elliptical  base. 

4.  Find  the  perspective  of  an  oblique  frustum 
of  a  cone  whose  right  section  is  an  ellipse. 

5.  Find  the  perspective  of  an  obhque  cone 
whose  right  section  is  a  circle. 

6.  Find  the  perspective  of  the  intersection  of 
a  right  circular  cylinder  with  an  oblique  cone 
having  its  right  section  a  circle. 

7.  Find  the  perspective  of  a  sphere. 


Chapter  V 
PERSPECTIVE  OF  SHADOWS 

XII.  Fig.  6  represents  the  perspective  gajjfjd 
of  the  shadow  of  the  frustum  of  a  square  pyramid. 
The  perspective  abcg  of  the  object  is  first  drawn  by 
the  methods  aheady  outUned  in  this  part.  The 
shaded  portion  g^a^bic^^,e^  is  the  horizontal  projec- 
tion of  the  shadow  of  the  frustum  on  the  horizon- 
tal plane  of  its  base,  and  is  drawn  by  the  use  of 
the  horizontal  and  vertical  projections  of  the  rays 
of  Ught  aided  by  the  plan  a^hVg^  and  the  eleva- 
tion a%\Y- 

The  perspective  gashsC,e  of  this  shadow  g^a]h]c]e^ 
and  the  method  of  obtaining  it  will  now  be  ex- 
plained. Since  the  orthographic  projection  of  this 
shadow  is  in  the  horizontal  plane  all  of  its  bound- 
ing Hues,  g^  aj;  a]h],  etc.,  and  the  horizontal 
projections  of  the  rays  a^a]]  hj^b^j  etc.,  are  all 
horizontal  hues,  and  therefore  have  their  vanish- 
ing points  in  the  horizon. 

Since  the  horizontal  projections  of  all  the  rays 
aj^  a^;  h^h],  etc.,  are  parallel  they  will  have  the 
same  vanishing  point.    This  is  obtained  by  pass- 

29 
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ing  through  the  station  a  Une  parallel  to  the 
system  of  Hnes  ay^a^]  h^h^,  etc.,  and  where  it  inter- 
sects the  picture  plane  is  the  vanishing  point  of 
that  system. 

We  therefore  pass  through  the  horizontal  and 
vertical  projections  of  the  station  s^  and  s",  re- 
spectively/ a  Hne  parallel  to  the  respective  pro- 
jection of  the  system  of  Hnes  a^a^^',  i^i^b^,  and 
obtain  by  descriptive  geometry  the  vanishing  point 
(V.  P.)*  of  this  system.  The  indefinite  perspective 
of  the  lines  aM]  h%i,  etc.,  is  a,  (V.  P.)^;  6l(V.P.)^ 
etc.,  respectively.  The  definite  perspectives  of 
these  lines  respectively  are  a^as]  hibs,  etc.,  found  by 
drawing  horizontal  projections  of  rays  a^s^;  6js*, 
etc.,  and  where  they  intersect  the  XX  axis  in 
aj;  6 J,  etc.,  drop  perpendiculars,  and  where  they 
intersect  the  indefinite  perspective  of  the  corre- 
sponding Hnes  we  get  respectively  a^,  hs,  etc.  To 
complete  the  perspective  join  g,  as]  as,  6,;  hs,  c^ 
and  Csy  e,  and  we  have  the  shaded  portion  as  the 
visible  portion  of  the  perspective  of  the  shadow 
of  the  frustum  of  the  pyramid. 

As  a  check  to  this  perspective,  find  the  vanish- 
ing points  (V.  P.)^  for  Hne  aj6?,  which  is  paraUel 
to  Hne  a^lf",  etc.,  and  hence  has  the  same  vanish- 
ing point;  (V.  P.)^  for  line  gVs]  (V.  P.)^  for  line 
cj6j,  which  is  parallel  to  Hne  d'h^,  etc.,  and  hence 
has  the  same  vanishing  point;  (V.  P.)^  for  Hne 
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e^c^.  With  these  vanishing  points  found  draw 
the  indefinite  perspective  g  (V.  P.)^  and  as  a 
check  it  should  pass  through  a^;  next  through  a^ 
draw  the  indefinite  perspective  a^  (V.  P.)^  and 
as  a  check  it  should  pass  through  6„  again  the 
indefinite  perspective  hs  (V.  P.)^  should  pass 
through  c,  and  the  indefinite  perspective  e  (V.  P.)^ 
should  also  pass  through  c^. 

The  perspective  could  have  been  drawn  without 
the  use  of  the  fines  s^c^,  s^b^,  etc.,  by  using  only 
the  five  vanishing  points.  The  intersection,  of 
the  indefinite  perspectives  ai  (V.  P.)^  g  (V.  P.)^, 
in  as  gives  one  point  in  the  perspective,  a^  (V.  P.)^ 
bi  (V.  P.)^,  in  bs  gives  a  second,  bs  (V.  P.)^  Ci 
(V.  P.)^  in  Cs  gives  a  third  point,  and  Ci  (V.  P.)^ 
e  (V.  P.)^  should  also  give  c^. 

XIII.  The  best  method  and  the  one  that  takes 
the  least  number  of  lines  is  the  method  by  the 
vanishing  point  of  rays,  and  will  now  be  described. 
It  consists  of  finding  the  vanishing  point  of  the 
horizontal  projections  of  the  rays  of  light  and  the 
vanishing  point  of  the  fight  rays  themselves. 
The  orthographic  projection  of  the  shadow  in  the 
horizontal  plane  is  entirely  ignored  and  has  no 
use  in  this  method.  The  horizontal  projection 
of  the  rays  of  fight  make  45°  with  the  X  X  axis, 
and  the  vanishing  point  of  these  is  found  in 
(V.   P.)^  as  already   described.    The  vanishing 
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point  of  the  rays  themselves  is  found  by  passing 
through  s^  and  s""  hnes  parallel  to  the  horizontal 
and  vertical  projections  of  the  rays,  which  accord- 
ing to  conventionality  are  45°  and  315°  respec- 
tively, with  the  X  X  axis,  and  where  it  intersects 
the  vertical  or  picture  plane  is  the  vanishing 
point  of  the  rays  themselves.  This  vanishing 
point  is  found  at  (V.  P.)^  The  perspective  will 
now  be  drawn.  The  indefinite  perspective  of  the 
horizontal  projection  of  the  ray  through  a  is  a^ 
(V.  P.)*,  and  the  indefinite  perspective  of  the 
ray  itself  is  a  (V.  P.)^  These  two  hnes  meet  in 
as,  and  this  is  where  the  ray  itself  intersects  the 
horizontal  plane,  and  is  therefore  the  perspective 
of  the  shadow  of  a  in  the  horizontal  plane.  The 
indefinite  perspective  of  the  horizontal  projection 
of  the  ray  through  h  is  hi  (V.  P.)^  and  the  in- 
definite perspective  of  the  ray  itself  is  h  (V.  P.)^ 
These  two  hnes  intersect  in  bs,  and  this  is  where 
the  ray  itself  intersects  the  horizontal  plane  and 
is  therefore  the  perspective  of  the  shadow  of  h  in 
the  horizontal  plane.  In  the  same  manner  the 
shadow  of  all  points  of  the  object  is  found.  To 
complete  the  shadow  join  g,  as',  as,  hs',  etc.,  for  all 
points  of  the  shadow  found.  Thus  we  get  as  our 
complete  shadow  gaJbsCsC  of  the  frustum  and  the 
shaded  portion  is  the  visible  part  of  the  perspec- 
tive of  the  shadow. 
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XIV.  Fig.  7  shows  the  reproduction  of  the  per- 
spective of  a  cube  and  a  parallelopiped  block, 
resting  on  one  edge  of  the  cube,  carefully  described 
Fig.  4.  In  addition  to  this  is  shown  the  per- 
spective of  the  shadow  of  the  object  by  the  method 
of  the  vanishing  point  of  rays,  and  the  description 
will  be  confined  to  the  details  of  this  method. 
(V.  P.)^  is  the  vanishing  point  of  the  horizontal 
projection  of  the  rays  and  (V.  P.)^  is  the  vanish- 
ing point  of  the  rays  themselves.  The  perspec- 
tive of  the  horizontal  projection  of  the  ray  through 
h  is  6i  (V.  P.)^,  and  the  perspective  of  the  ray 
itself  is  h  (V.  P.)^,  these  rays  meet  in  hs  and  is  the 
perspective  of  the  shadow  of  b,  and  hj)s  is  the  per- 
spective of  the  shadow  of  hb^. 

The  perspective  of  the  shadow  of  c  is  found  at 
Cs  by  the  same  method  that  bs  was  found,  and 
bs  Cs  is  the  perspective  of  the  shadow  of  be.  The 
line  cd  is  parallel  to  the  horizontal  plane,  and 
hence  the  vanishing  point  of  its  shadow  must  be 
the  same  as  the  vanishing  point  of  the  Une. 
Therefore  c^  (V.  P.)^  is  the  indefinite  perspective 
of  the  shadow  of  dc.  The  perspective  of  the 
shadow  of  dd^  is  found  exactly  as  bb^,  and  its 
indefinite  perspective  is  d^  (V.  P.)^  This  gives 
the  complete  shadow  of  the  cube,  but  on  account 
of  the  parallelopiped  resting  on  the  cube  there 
is  a  certain  portion  of  the  cube  that  does  not  cast 
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a  shadow,  and  that  portion  of  the  cube  that  does 
not  cast  a  shadow,  the  parallelopiped  will  cast 
a  shadow  on  it. 

The  horizontal  projection  of  the  point  n  is  rii, 
found  by  passing  a  vertical  plane  through  fn  and 
(V.  P.)^  intersecting  the  horizontal  plane  in  the 
line  /  (V.  P.)^  This  same  vertical  plane  inter- 
sects the  face  dh  of  the  cube  in  the  Hne  I  (V.  P.)^ 
I  being  the  point  where  the  edges  fn  and  ad  inter- 
sect. From  n  draw  a  line  perpendicular  to  X  X 
axis  and  intersecting  line  /  (V.  P.)^  and  the  hori- 
zontal plane  in  Ui.  This  same  perpendicular 
intersects  the  line  I  (V.  P.)^  and  the  horizontal 
plane  dh  of  the  cube  in  the  point  UiK  The  hori- 
zontal projection  of  the  ray  through  n  is  n^ 
(V.  P.)^  and  the  same  projection  of  the  ray  on 
the  plane  dh  of  the  cube  is  n^^  (V.  P.)^  The  per- 
spective of  the  ray  itself  is  n  (V.  P.)*,  and  inter- 
sects rii  (V.  P.)^  and  rii^  (V.  P.)^  in  n^  and  n/, 
respectively,  which  are  the  perspectives  of  the 
shadow  of  the  point  n  on  the  horizontal  plane  of 
the  base  of  the  cube  and  the  plane  dh  of  the  face 
of  the  cube  respectively.  The  perspectives  of 
the  shadow  of  /  and  I  are  /  and  I  themselves, 
since  they  are  in  planes  that  the  perspective  is  in. 
The  perspective  of  the  shadow  of  the  Hne  fn 
would  be  fn^  if  there  were  no  cube  to  cast  a 
shadow  on,  but  since  that  is  the  case,  the  shadow 
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falls  on  the  horizontal  plane  in  two  different  parts 
and  on  two  faces  of  the  cube,  namely,  ad^  and  d  6. 
The  first  part  of  the  line  fn  considered  is  /Z  and 
the  perspective  of  its  shadow  is  that  portion  of  fUs 
between  /  and  the  point  r^  where  it  intersects 
the  perspective  d^  (V.  P.)^  of  the  shadow  of  the 
edge  ddi,  and  that  part  lying  in  the  face  adi  of  the 
cube.  This  shadow  lying  on  the  cube  is  found  by 
extending  d^  (V.P.)^  to  /r„  and  the  former  inter- 
sects the  latter  in  hs.  Then  hs  hes  on  the  face  ad^ 
produced  and  hs  is  a  shadow  of  some  point  in 
fn.  Therefore  the  portion  of  the  shadow  of  fn 
on  the  indefinite  plane  ad^  is  Ihs  and  it  intersects 
ddi  in  r/.  The  shadow  lying  on  the  cube  is 
hence  Zr/.  The  point  casting  the  shadow  r^^ 
also  casts  the  shadow  r„  for  the  perspective  of 
the  ray  through  r]  is  r],  (V.  P.)^  and  it  passes 
through  Vs.  Hence  the  perspective  of  the  shadow 
of  fl  is  frs  and  r]  I.  The  second  portion  of  the  fine 
fn  is  In,  and  the  perspective  of  the  shadow  lies  on 
the  face  dh  of  the  cube  and  that  portion  of  the 
fine  fns  between  n^  the  perspective  of  the  shadow 
of  n  and  the  intersection  Os  of  the  perspective 
fns  and  c^  (V.  P.)^  The  part  on  the  face  dh  is 
found  by  joining  Zn/  and  that  portion  of  the 
fine  Zo/  included  between  the  sides  ad  and  dc 
in  the  perspective  of  the  shadow  of  the  line 
fn  on  the  face  dh.     The  remainder  of  the  line 
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0/  n/  has  the  perspective  of  its  shadow  in  the 
hne  OsUs  on  the  horizontal  plane.  The  perspec- 
tive of  the  shadow  of  the  line  fn  is  now  com- 
pleted, and  is  represented  by  /r„  r/Z;  Zo/;  and 
OsU,.  The  line  shown  joining  r^  and  r/,  also  0/ 
and  Os  are  in  the  perspective  of  the  same  ray  of 
light,  it  being  the  point  where  the  perspective  is 
just  leaving  one  surface  and  entering  upon  another. 
The  next  point  is  to  determine  what  Unes  in  the 
end  gnik  cast  shadows  on  the  horizontal  plane 
of  the  base  of  the  cube.  This  is  determined 
by  finding  which  of  the  four  lines  have  their 
shadow  the  farthest  to  the  right.  There  can 
be  only  two  of  them  that  cast  a  shadow  and 
these  are  found  to  be  ni  and  ik.  The  perpendicu- 
lars from  I  and  k  are  found  the  same  as  for  n, 
and  in  the  case  of  k  is  shown  as  ki.  The  perspec- 
tives of  the  shadows  of  i  and  k  are  found  exactly 
as  for  Uy  and  are  shown  at  is  and  ks.  The  per- 
spectives of  the  shadows  of  ni  and  ik  are  hence 
Us  is  and  i^  k^.  The  next  element  of  the  parallelo- 
piped  that  casts  a  shadow  is  mk.  The  shadow 
of  k  has  been  found  and  is  k^,  while  that  of  m  is 
wis,  and  found  in  the  same  way  as  k^.  The  shadow 
of  mk  is  hence  m^  k^.  This  shadow  falls  outside  of 
the  shadow  of  d,  hence  this  hne  m,  k^  is  the  limit 
of  the  shadow  in  this  direction.  The  shadow  of 
the  end  femm  next  found,  and  since  this  plane 
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is  parallel  to  the  plane  gkin,  the  lines  casting  the 
shadow  will  be  the  reverse  of  those  casting  the 
shadow  in  plane  gkin.  In  gki n,  ni  and  ik  cast 
shadows  while  in  plane  fern,  fe  and  em  must 
be  the  hnes  casting  shadows.  The  shadow  of 
these  latter  two  Hnes  are  found  in  exactly  the 
same  manner  as  the  former  two  lines.  The  entire 
perspective  of  the  shadow  and  of  the  cube  and 
parallelopiped  have  been  found  and  the  visible 
portions  of  this  perspective  have  been  cross- 
hatched.  The  outUne  of  the  shadow  has  been 
lettered  at  almost  every  angle,  and  those  points 
that  have  been  lettered  will  be  mentioned  to  show 
clearly  the  outline  of  the  perspective.  They  are 
as  follows:  —  61,  6„  c^,  o„  n^,  is,  K,  m„  e^  (not 
shown),  /,  r„  d^,  c^  (not  shown),  and  61  in  the  hori- 
zontal plane,  while  on  the  cube  they  are  r/, 
I,  0/,  d,  r/. 

XV.  Fig.  8  contains  a  given  oblique  plane  W 
whose  traces  are  H.  W.  and  V.  W.,  i.e.,  horizon- 
tal and  vertical  traces  *  of  the  plane  W  respec- 
tively, and  the  perspective  of  the  frustum  of  the 
pyramid  the  same  as  shown  in  Fig.  6  being  an 
object  in  angular  perspective. 

The  horizontal  and  vertical  projections  of  the 

*  By  traces  of  a  plane  are  meant  the  lines  of  intersection  of 
the  plane  with  the  planes  of  projection,  i.e.,  in  perspective 
horizontal  and  picture  plane. 
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frustum  are  shown  as  a^Vd^e^g^  etc.,  and 
aVc'^d^'e'^g''  etc.,  respectively,  and  its  perspective 
by  ahcdeg,  etc.  The  method  of  drawing  this 
perspective  has  been  described  in  previous  arti- 
cles under  angular  perspective,  and  the  vanishing 
points  of  the  horizontal  lines  are  shown  as  (V.  P.)^ 
and  (V.  P.)^  Under  previous  articles  on  the  per- 
spective of  shadows  it  was  shown  how  to  find  the 
vanishing  point  of  the  horizontal  projection  of 
rays  and  also  the  vanishing  point  of  the  rays 
themselves,  and  their  vanishing  points  in  Fig.  8 
are  (V.  P.)^  and  (V.  P.)^  respectively. 

The  problem  in  Fig.  8  is  to  find  the  perspec- 
tive of  the  shadow  of  this  frustum  ABC D EG, 
etc.,  on  the  given  oblique  plane  W,  It  can  be 
found  in  two  ways,  1st,  by  finding  the  orthographic 
projections  of  the  shadow  on  the  plane  W  and 
then  find  the  perspective  of  the  shadow  from 
these  projections.  2d,  by  finding  the  perspec- 
tive of  the  shadow  on  the  oblique  plane  W  direct 
without  the  use  of  the  horizontal  and  vertical 
projections  of  the  shadow,  which  will  be  the 
method  now  described  and  illustrated  in  this 
figure. 

Since  the  conventional  direction  of  rays  is 
such  that  their  horizontal  and  vertical  projec- 
tions make  45°  and  315°  with  the  XX  axis  respec- 
tively, we  have  projections  of  these  lines  as  c* 
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(h.  i.)S  c^w";  ^  (h.  i.)^  e^  w\  etc.,  respectively. 
Imagine  vertical  projecting  planes  V ,  F,  Z,  etc., 
passed  through  these  lines,  and  their  horizontal 
and  vertical  traces  shown  by  H.  U.,  V.  U. ;  H.  Y., 
V.  Y.;  H.  Z.,  V.  Z.,  etc.  Since  the  rays  of  light 
are  parallel,  these  planes  [/,  F,  Z,  etc.,  are  paral- 
lel. These  horizontal  traces  H.  U.,  H.  Y.,  H.  Z., 
etc.,  intersect  the  horizontal  trace  H.  W.  of  the 
plane  W  in  (h.  i.)^;  (h.  i.)^;  (h.  i.)^,  etc.,  respec- 
tively, and  the  vertical  traces  V.  U.,  V.  Y.,  V.  Z., 
etc.,  of  these  same  planes  intersect  that  of  W  in 
(v.  i.)  *;  (v.  i.)  ^;  (v.  i.)  ^  etc.,  respectively.  These 
points  hence  lie  in  the  horizontal  and  vertical 
planes  of  projection  respectively.  These  planes 
C/,  F,  Z,  etc.,  if  produced  far  enough  will  inter- 
sect the  given  obUque  plane  W  in  straight  lines 
which  in  space  pass  between  the  points  (h.  i.)  ^, 
(v.  i.)^;  (h.  i.)  ^  (v.  i.)  ^;  (h.  i.)  ^  (v.  i.)  %  etc.,  and 
whose  projections  are  &  (h.  i.)  ^,  (v.  i.)  ^  A;J;  e^ 
(h.  i.)  ^  (v.  i.)  2  ml\  g^  (h.  i.)  ^  (v.  i.) '  ol  etc. 
These  lines  of  intersection  with  plane  W  are  all 
parallel  and  hence  have  the  same  vanishing 
point.  To  find  the  vanishing  point  of  the  inter- 
secting lines  between  the  vertical  projecting 
planes  and  the  plane  W  pass  a  line  through  the 
station  parallel  to  these  lines,  and  where  it  inter- 
sects the  picture  plane  will  be  the  vanishing  point 
of  this  system  of  parallel  hnes.    Therefore  through 
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the  horizontal  projection  of  the  station  s^  draw  a 
hne  parallel  to  c^  (h.  i.)  ';  e^  (h.  i.)  ';  g^  (h.  i.)  ^ 
etc.,  intersecting  the  XX  axis  in  nj.  Now 
through  the  vertical  projection  of  the  station  s"" 
draw  a  line  parallel  to  (v.  i.)  ^  kl;  (v.  i.)  ^  ml; 
(v.  i.)  ^  ol,  etc.,  and  where  it  intersects  a  perpen- 
dicular to  the  X  X  axis  through  nj  is  where  this 
line  through  the  station  intersects  the  picture 
plane,  as  (V.  P.)  ^  is  the  vanishing  point  of  the 
above  system  of  lines.  The  lines  of  intersection 
between  the  planes  U,  Y,  Z,  etc.,  and  the  given 
obhque  plane  W  intersect  the  picture  plane  in 
points  (v.  i.)  ^;  (v.  i.)  ^;  (v.  i.)  ^,  etc.,  and  the 
perspective  of  these  points  are  the  points  them- 
selves. The  indefinite  perspectives  of  these  inter- 
secting lines  are  therefore  (v.  i.)  ^  (V.  P.)  ^;  (v.  i.)  ^ 
(V.  P.) ']  (v.  i.) '  (V.  P.)  ^  etc.,  and  of  the  rays 
themselves  are  c  (V.  P.)  ';  e{Y.  F.Y;  g(V.  P.)^ 
etc.  Since  the  rays  of  light  themselves  and  these 
intersecting  lines  lie  in  the  same  planes  they  will 
intersect  and  their  points  of  intersection  will 
be  in  the  plane  W  and  hence  the  shadows  of  some 
points  of  the  object.  Therefore,  the  intersec- 
tions of  these  two  systems  of  indefinite  perspec- 
tives will  be  the  perspectives  of  the  shadows  of 
the  corners  of  the  frustum  of  the  pyramid  on 
the  given  oblique  plane  W. 
We  will  now  find  the  perspective  of  the  shadow 
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of  the  point  C  on  the  given  oblique  plane  W. 
The  horizontal  projection  of  the  ray  of  Hght 
through  C  is  c^  (v.  i.)  \  and  the  traces  of  the  ver- 
tical projecting  plane  U  containing  this  ray  of 
light  are  H.  U.  and  V.  U.  respectively.  The 
horizontal  and  vertical  projections  of  the  line  of 
intersection  between  planes  U,  and  W  are  c^ 
(h.  i.)  \  (v.  i.)  ^  kl  and  the  indefinite  perspective 
of  this  hne  of  intersection  is  (v.  i.)  ^  (V.  P.)  ^ 
On  this  indefinite  perspective  is  the  perspective 
of  the  shadow  of  the  point  C  on  the  plane  W. 
Also  the  shadow  of  the  point  C  is  on  the  ray 
through  C  and  is  where  the  ray  intersects  or 
pierces  the  plane  W,  The  perspective  of  C  is  c 
and  the  indefinite  perspective  of  the  ray  through 
C  is  c  (V.  P.)*  which  contains  the  perspective  of 
the  shadow  of  C  on  the  plane  W,  Since  the  per- 
spective of  the  shadow  of  C  on  the  plane  W  is 
on  both  systems  of  indefinite  perspectives  it 
must  be  at  the  intersection  of  these  two  systems. 
Therefore  the  intersection  cT  of  the  two  indefinite 
perspectives  (v.  i.)^  (V.  P.)^  and  c  (V.  P.)^  will 
locate  the  perspective  of  the  shadow  of  C  on  the 
given  plane  W.  By  the  same  method  we  can 
get  the  perspective  of  all  the  points  of  the  frus- 
tum of  the  pyramid  that  cast  a  shadow  on  the 
plane  W. 

In  order  to  determine  what  points  cast  the 
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shadow  on  the  obhque  plane  IF,  we  can  find 
the  perspective  of  the  shadow  of  all  corners  of 
the  frustum,  and  those  that  fall  within  the  ex- 
treme or  limiting  points  of  the  shadow  will  be 
obliterated  by  these  extreme  points.  By  a  careful 
observation  one  is  able  to  discover  which  points 
fall  within  the  shadow  boundary  without  the 
labor  of  finding  the  exact  perspective  of  the 
shadow  of  each  point  on  the  plane  W, 

As  a  check  on  the  perspective  of  the  shadow  of 
the  frustum  on  the  plane  W,  we  can  find  the  ver- 
tical projections  of  the  points  where  the  rays  of 
hght  intersect  the  plane  W.  By  finding  the  dis- 
tance the  points  are  below  the  horizontal  plane  of 
projection  we  can  find  the  indefinite  perspectives 
of  horizontal  lines  containing  these  intersections 
and  lying  in  vertical  projecting  planes  containing 
the  rays  of  light.  These  rays  themselves  and  these 
horizontal  fines  intersect  the  plane  W  in  the  same 
point  and  therefore  intersect  each  other  at  that 
point.  The  perspectives  of  these  points  of  inter- 
section of  the  rays  and  the  horizontal  lines  give 
also  the  perspectives  of  the  shadows  of  the  points 
of  the  frustum  on  the  obhque  plane  W. 

Two  of  the  checks  have  been  shown  in  Fig. 
8,  but  here  will  be  described  only  one  of  them 
as  follows:  Draw  the  vertical  projection  of  the 
horizontal  plane  showing  how  far  this  plane  is 
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above  the  frustum  of  the  pyramid.  This  line 
corresponds  to  the  XX  axis  shown  above  and 
is  lettered  XjXi.  Produce  kl  (h.  i.)^  until  it 
intersects  the  axis  XjXi  in  the  point  kl^y  and 
through  this  point  draw  kl^w""  parallel  to  kl 
(v.  i.)^  This  line  is  then  the  vertical  projection 
of  the  line  of  intersection  of  the  planes  U  and  W, 
Now  through  the  vertical  projection  c"  of  the  cor- 
ner C  of  the  frustum,  draw  the  vertical  projec- 
tion c"w'"  of  the  ray,  and  where  it  intersects  the 
line  kliW""  in  the  point  w'"  is  the  vertical  projec- 
tion of  the  intersection  of  the  ray  through  C 
with  the  plane  W.  This  projection  shows  the 
true  distance  that  the  point  W  is  below  the  hori- 
zontal plane,  and  a  horizontal  Hne  passed  through 
this  point  W  intersects  the  picture  plane  at  the 
same  distance  w'"  lli  below  the  horizontal  plane. 
We  next  lay  off  this  distance  w""  ll^  below  the  X  X 
axis  and  on  the  vertical  trace  V.  U.  of  the  plane 
U,  since  this  horizontal  line  through  the  point  W 
lies  in  the  plane  U,  and  the  point  cj'  is  located. 
Since  this  horizontal  line  lies  in  the  plane  Uj  its 
vanishing  point  will  be  (V.  P.)^  and  the  indefinite 
perspective  of  this  Hne  is  cj'  (V.  P.)^  and  should 
intersect  the  perspective  of  the  ray  c  (V.  P.)*  in 
the  same  point  c^  that  the  perspective  of  the 
line  of  intersection  (v.  i.)^  (V.  P.)^  does  the  per- 
spective of  this  ray.     It   is   seen   from    Fig.  8 
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that  this  point  c^  does  coincide  with  the  first 
position  of  c^  and  that  the  check  proves  that 
there  is  no  error  in  the  first  method  of  obtaining 
the  perspective  c^  of  the  shadow  of  the  point  C. 
In  Uke  manner  the  drawing  shows  the  check  on 
the  perspective  e^  of  the  shadow  of  the  point  E 
and  also  demonstrates  that  there  is  no  error  in 
locating  this  point.  All  the  points  of  the  perspec- 
tive of  the  shadow  could  be  checked  by  follow- 
ing the  same  method  as  just  described,  but  what 
has  been  said  will  be  sufficient  to  understand  the 
principles  underlying  this  check. 

The  lines  casting  the  shadow  will  now  be  given 
in  the  order  of  sequence  of  connecting  points  as 
EC,  CB,  BA,  AG,  GF,  FE,  and  the  perspectives 
of  the  shadows  of  the  ends  of  these  lines,  in  the 
same  order  of  sequence  on  the  obhque  plane  W, 
are  e^,  c^,  6^,  <,  gr^,  /^.  After  these  points  are 
connected  in  the  proper  order  it  is  seen  that  part 
of  the  shadow  is  out  of  sight,  being  behind  the 
perspective  of  the  object,  and  that  the  outline  of 
this  part  is  in  dotted  fines.  The  portion  of  the 
shadow  that  is  visible  is  cross-hatched  and  its 
corners  are  /^,  e^,  c^,  6^,  a^,  while  the  invisible 
corner  is  g'^.  Thus  the  complete  perspective  of 
the  shadow  of  the  frustum  of  a  pyramid  on  an 
oblique  plane  is  shown. 
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PROBLEMS  IN  PERSPECTIVE  OF  SHADOWS 

XVI.    1.  Find  the  perspective  of  the  shadow 
cast  by  the  object  as  shown  in  Fig.  2. 

2.  Find  the  perspective  of  the  shadow  cast  by 
the  object  as  shown  in  Fig.  3. 

3.  Find  the  perspective  of  the  shadow  of  the 
object  as  shown  in  Fig.  5. 

4.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  18,  page  14. 

5.  Find  the  perspective  of  the  shadow  cast 
by  the  object  as  given  in  question  25,  page  15. 

6.  Find  the  perspective  of  the  shadow  cast 
by  the  object  in  question  26,  page  15. 

7.  Find  the  perspective  of  the  shadow  cast 
by  the  object  in  question  27,  page  15. 

8.  Find   the   perspective  of   the  shadow  of 
the  object  as  given  in  question  29,  page  16. 

9.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  2,  page  28. 

10.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  5,  page  28. 

11.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  6,  page  28. 

12.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  7,  page  28. 

13.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  1,  page  21. 
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14.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  4,  page  21. 

15.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  6,  page  21. 

16.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  16,  page  23. 

17.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  22,  page  24. 

18.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  25,  page  24. 

19.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  27,  page  24. 

20.  Find  the  perspective  of  the  shadow  of  the 
object  as  given  in  question  29,  page  24. 

21.  Find  the  perspective  of  the  shadow  on  an 
obhque  plane  of  the  frustum  of  a  right  circular 
cone  when  its  base  is  parallel  to  the  horizontal 
plane. 
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PART  II 
PERSPECTIVE  BY  THE   METHOD  OF  SCALE 


Chapter  VI 
PERSPECTIVE  BY  THE  METHOD  OF  SCALE 

XVII.  The  first  article  on  perspective  was  writ- 
ten by  using  the  orthographic  projections  of  the 
object  and  the  rays  to  obtain  the  perspective  of 
the  same.  A  pictorial  illustration  of  this  method 
is  shown  in  Fig.  1,  and  the  actual  drawing  of  this 
method  for  that  particular  object  is  shown  in 
Fig.  2. 

The  second  article  treats  of  the  method  by 
scale,  and  Fig.  10  shows  this  method  for  the  same 
object  as  well  as  for  the  same  position  as  was 
used  in  Fig.  2. 

If  the  first  method  is  used  you  have  to  place 
the  plan,  not  necessarily  draw  it,  upon  the  draw- 
ing-board. This  as  a  rule  requires  a  wide  draw- 
ing-board and  a  long  straight-edge  to  draw  the 
horizontal  projections  of  the  rays.  In  this 
method  you  get  both  the  perspective  of  points 
and  lines  of  the  object.  This  method  usually 
requires  fewer  fines  and  less  time  to  draw  the 
perspective,  after  the  plan  and  elevations  are 
correctly  placed,  than  the  second  method  does. 
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In  the  second  method,  as  well  as  in  the  first 
method,  the  projections  of  the  object  are  on 
different  pieces  of  paper  from  those  upon  which 
the  perspective  is  drawn.  In  the  first  method 
they  are  usually  tacked  to  the  drawing-board  in 
their  proper  position  for  drawing  the  perspective. 
In  the  second  method  they  simply  he  loosely 
upon  the  drawing-board  to  be  used  only  for 
scahng  or  computing  distances.  In  this  second 
method,  the  method  by  scale,  the  drawing-board 
does  not  have  to  be  as  large,  and  hence  does  not 
take  so  much  room  to  draw  it.  In  this  method 
we  very  seldom  draw  the  perspective  of  a  fine  of 
the  object,  unless  we  do  it  as  a  check,  it  always 
being  to  find  the  perspective  of  a  point.  The 
perspective  of  a  point  being  found  by  the  inter- 
section of  the  perspective  of  two  horizontal  fines, 
lying  in  the  same  plane  as  the  given  point,  and 
making  45°  with  the  picture  plane.  This  shows 
that  for  the  perspective  of  each  point  you  must 
have  the  perspective  of  at  least  two  lines,  and  the 
point  where  each  one  of  these  fines  intersects  the 
picture  plane  must  be  scaled  in  order  to  get  their 
perspective.  If  you  wish  a  check  on  this  work 
you  must  have  a  third  horizontal  line  in  the  same 
plane  as  the  other  two  lines,  and  the  point  where 
this  intersects  the  picture  plane  must  also  be 
located  by  scafing  before  its  perspective  can  be 
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drawn.  This  third  or  check  line  is  usually  per- 
pendicular to  the  picture  plane,  and  hence  its 
vanishing  point  is  in  the  center  of  picture.  You 
can  now  see  that  the  advantage  of  the  second 
method  is  that  it  takes  a  smaller  board  than  the 
first  method,  especially  in  width,  while  the  length 
in  each  method  is  about  the  same.  The  disad- 
vantage is  that  there  is  a  great  deal  of  scaHng 
and  the  perspective  of  a  great  many  construction 
lines,  most  of  them  being  horizontal  45°  lines. 


Chapter  VII 
PARALLEL  PERSPECTIVE 

XVIII.  Figure  9  gives  the  projections  of  a  right 
rectangular  pyramid,  so  placed  as  to  make  a 
parallel  perspective.  It  is  the  same  size  and 
placed  at  the  same  distances  from  the  picture 
plane  and  horizon  plane  as  in  Fig.  2,  in  Part  I. 
The  pyramid  has  a  base  23  feet  below  the  horizon 
plane  and  is  7  feet  by  12  feet.  It  has  an  altitude 
of  10  feet  and  the  vertex  is  24  feet  behind  the 
picture  plane.  The  station  is  15  feet  in  front  of 
the  picture  plane,  and  is  to  the  left  of  the  center 
of  the  object  16  feet.  In  this  drawing,  as  well  as 
all  orthographic  projections  of  objects  in  this 
part,  the  XX  axis  will  be  the  intersection  of 
the  picture  plane  and  the  horizon  plane.  This 
makes  the  horizontal  projection  of  the  picture 
plane  and  the  vertical  projection  of  the  horizon 
coincide  with  each  other,  and  with  the  X  X  axis. 
In  the  first  article  the  horizontal  plane  was  parallel 
to  the  horizon  plane,  while  in  this  article  it  coin- 
cides with  the  horizon  plane. 

This  figure  also  shows  the  horizontal  projection 
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of  horizontal,  45°  construction  lines  for  the  points 
A  J  By  C,  and  D.  The  horizontal  projection  for 
the  45°  construction  lines  for  A  are  a^  a^  and 
A   third    construction    line   for  a   check 
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Fig.  9. 

would  be  o!"  a\,  perpendicular  to  the  picture 
plane.  In  like  manner  we  have  for  the  point  B, 
V'hl]  6^3^  and  ^Hf. 

In  the  same  way  for  points  C  and  B,    The 
vanishing  points  of  the  45°  Hnes,  the  hues  per- 
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pendicular  to  the  picture  plane,  and  the  Hne  A  B 
are  shown  at  (V.  P.)f;  (V.  P.)?;  (V.  P.)',  and 
(V.  F.y,  respectively. 

In  the  case  of  the  vanishing  point  of  45°  lines 
we  have  formed  an  isosceles  triangle,  one  leg 
being  perpendicular  to  the  picture  plane,  from 
the  station,  and  intersecting  it  in  the  center  of  the 
picture.  The  other  leg  is  drawn  from  the  center 
of  picture,  and  lying  in  the  picture  plane  until  it 
intersects  the  45°  horizontal  lines  through  the 
station.  Figure  9  shows  one  right-angle  triangle 
in  horiozntal  projection  as  s^,  (V.  P.)^  (V.  P.)^, 
and  the  other  as  s\  (V.  P.)^  (V.  P.)?.  These 
two  triangles  are  equal  and  hence  (V.  P.)''  (V.  P.)? 
equals  (V.  P.)^  (V.  P.)?,  and  since  these  two  tri- 
angles are  isosceles,  s^  (V.  P.)^  equals  (V.  P.)^ 
(V.  P.)f  equals  (V.  P.)^  (V.  P.)?,  and  hence  the 
vanishing  points  of  45°  horizontal  lines  are  as 
far  to  the  left  or  right  of  the  center  of  the  picture 
as  the  station  is  in  front  of  the  picture  plane. 

To  draw  the  perspective  a,  h,  c,  d  in  Fig.  10  of 
the  object  ABC D  by  the  use  of  Fig.  9  will  now 
be  described.  First  draw  the  horizon  and  23 
feet  below  it  draw  the  line  representing  the  inter- 
section of  the  plane  of  the  base  of  the  pyramid 
with  the  picture  plane.  These  two  lines  give  the 
extreme  vertical  hmits  of  the  drawing.  The 
point  B  is  the  farthest  visible  point  of  the  object 
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behind  the  picture  plane  as  shown  in  Fig.  9,  and 
the  45°  lines  from  this  point  will  intersect  the 
picture  plane  farther  to  the  left  and  right  than 
any  other  45°  hues  from  a  visible  point  of  the 
object.  B  is  30  feet  back  of  the  picture  plane, 
and  hence  where  h^h^  intersects  the  picture 
plane  is  30  feet  to  the  left  of  5,  and  h^  h^  inter- 
sects 30  feet  to  the  right  of  B,  The  greatest 
width  of  the  picture  is  now  found  to  be  60  feet, 
while  the  greatest  height  is  23  feet.  With  these 
our  perspective  can  be  located  in  a  proper  posi- 
tion on  our  sheet. 

On  the  base  hne,  which  is  the  intersection  of 
the  base  plane  of  the  object  with  the  picture 
plane,  in  Fig.  10,  locate  6J  and  6J  60  feet  apart. 
The  vertical  projection  of  B  is  h""  30  feet  to  the 
right  of  h^.  The  station  is  16  feet  to  the  left  of 
A  and  hence  12.5  feet  to  the  left  of  B,  which 
makes  its  projection  s^  in  the  base  line  12.5  feet 
to  the  left  of  h"  or  17.5  feet  to  the  right  of  h'^.  The 
vertical  projection  of  the  station  is  in  the  horizon 
and  directly  above  sj",  as  shown  at  s"",  and  is  also 
the  vanishing  point  of  perpendicular  horizontal 
lines,  and  is  lettered  V.  P.  The  vanishing  points 
of  the  45°  hnes  are  15  feet  to  the  left  and  right  of 
s",  and  are  shown  as  (V.  P.)/  and  (V.  P.),.  The 
point  sj'  is  the  initial  point  for  measuring  all 
distances  in  the  base  Hne.    The  perpendicular 
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and  45°  lines  through  B  intersect  the  base  Hne  in 
h^^j  hi,  and  hi,  which  are  12.5  feet  to  the  right, 
17.5  feet  to  the  left,  and  42.5  feet  to  the  right  of 
s^.  The  indefinite  perspectives  of  these  lines  are 
6"  V.  P.;  hi  (V.  P.),;  and  hi  (V.  P.),,  respectively, 
and  they  all  meet  in  the  point  h,  which  is  the 
perspective  of  B.  The  three  lines  through  the 
point  C  intersect  the  base  line  in  h"",  cl,  cl,  which 
are  12.5  feet  to  the  right,  5.5  feet  to  the  left,  and 
30.5  feet  to  the  right  of  s^.  The  indefinite  per- 
spective of  these  fines  intersect  in  c  the  perspec- 
tive of  C.  The  three  lines  through  D  intersect 
the  base  line  in  d",  dl,  dl,  which  are  19.5,  1.5, 
37.5  feet  to  the  right  of  s^.  Their  indefinite  per- 
spectives intersect  in  d,  which  is  the  perspective 
of  i). 

The  horizontal  plane  passing  through  the  ver- 
tex intersects  the  picture  plane  10  feet  above  the 
base  fine  or  13  feet  below  the  horizon.  The  con- 
struction fines  through  A  lie  in  this  plane  and 
intersect  the  picture  plane.  Two  of  these  fines 
are  sufficient  to  get  the  perspective  of  A,  the 
third  line  serving  as  a  check.  These  fines  inter- 
sect the  picture  plane  in  the  points  a",  aj,  al, 
which  are  16  feet  to  the  right,  8  feet  to  the  left, 
and  40  feet  to  the  right  of  s^  and  10  feet  above  it. 
These  indefinite  perspectives  intersect  in  the 
point  a  which  is  in  the  perspective  of  A. 
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The  perspective  of  the  pyramid  is  now  found 
by  joining  the  points  a,  h,  c,  d  in  proper  sequence, 
and  we  have  the  parallel  perspective  of  the  right 
rectangular  pyramid  ABC D,  As  a  check  c d 
should  be  parallel  to  the  horizon  line,  since  CD 
is  a  horizontal  hue  and  parallel  to  the  picture 
plane.  A  check  on  a  6  is  to  find  the  vanishing 
point  of  the  Une  A  5  as  described  under  Fig.  2. 
In  Fig.  10  we  have  computed  the  proper  distances 
to  the  left  of  the  vertical  projection  s""  of  the 
station  and  below  the  horizon  in  order  to  scale 
and  locate  this  vanishing  point  of  A  5  as  shown 
in  (V.  F.)\  It  is  8.75  feet  to  the  left  of  s",  and 
25  feet  below  the  horizon,  and  the  Une  (V.  P.)^  b 
produced  should  contain  a  as  a  check. 

XIX.  Figure  11  shows  the  projection  of  a  build- 
ing in  which  one  end  is  parallel  to  the  picture 
plane.  The  dimensions  of  the  building  are  clearly 
shown  in  its  projections,  but  the  location  of  the 
building  and  the  station  with  reference  to  the 
picture  plane  and  the  horizon  plane  are  not 
shown  in  the  drawings  and  will  be  given  here  as 
follows:  near  end  is  16  feet  behind  the  picture 
plane,  the  base  of  the  building  is  24.5  feet  below 
the  horizon  plane,  the  station  is  in  front  of  the 
picture  plane  111  feet,  and  to  the  right  of  the  center 
of  the  near  end  of  the  building  190  feet. 

Figure  12  is  the  prespective  of  Fig.  11  by  the 
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method  of  scale,  and  is  a  more  complicated  case 
of  parallel  perspective  than  in  Fig.  10.  It  is  the 
same  building  and  in  the  same  location  and  posi- 
tion as  in  Fig.  3,  Part  I.  You  are  thus  able  to 
compare  the  two  methods  and  judge  for  your- 
self which  method  you  consider  the  easier  and 
quicker. 

Let  the  horizon  first  be  drawn,  and  24.5  feet 
below  it  the  line  representing  the  intersection  of 
the  plane  of  the  base  and  the  picture  plane.  On 
this  last  hne  is  where  all  45°  and  perpendicular 
lines  of  the  base  intersect  the  picture  plane. 

On  the  horizon  locate  the  center  of  picture  or 
vertical  projections  s"  of  the  station,  which  is 
also  the  vanishing  point  V.  P.  for  perpendicular 
lines.  The  vanishing  points  of  the  45°  hues  are 
on  the  horizon,  since  they  are  horizontal  lines, 
and  as  far  to  the  left  and  right  of  the  vertical  pro- 
jection of  the  station  s"  as  the  station  is  in  front 
of  the  picture  plane,  as  (V.  P.)/  and  (V.  P.)^, 
respectively.  Now  lay  off  on  the  horizon  190 
feet  to  the  left,  and  we  have  the  point  m".  If  the 
end  view  of  the  building  were  projected  upon  the 
picture  plane,  we  would  have  the  following  out- 
line a"  0'"  p"  r'"c''c1a\',  ayi  being  24.5  feet  below 
m",  and  is  in  the  intersection  of  the  plane  of  the 
base  of  the  building  and  the  picture  plane.  The 
lines  a""  a^  and  c""  c^  are   each  perpendicular   to 
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a"^c'"^j  and  equal  distances  from  nf  being  one 
half  the  width  of  the  building.  The  indefinite 
perspectives  of  the  lines  from  the  points  a"^  aj", 
c'^j  c",  etc.,  in  the  picture  plane  to  infinity  are 
drawn  from  a"  to  V.  P.;  a^"  to  V.  P.,  etc.,  as  de- 
scribed in  the  first  part  under  Fig.  3.  The  defi- 
nite perspective  of  the  lines  a"  V.  P.;  a^  V.  P., 
etc.,  are  now  found  by  the  indefinite  perspectives 
of  the  45°  lines  through  the  points  Aj  Ai,  etc. 
The  station  projected  from  s"  onto  the  base  line 
is  shown  at  s^,  and  this  is  the  place  from  which 
all  measurements  are  taken  along  the  base  fine. 
The  45°  lines  through  A^  intersect  the  picture 
plane  221.5  and  189.5  feet  to  the  left  of  s^,  and 
are  shown  as  aj  and  ttg  respectively.  They 
should  intersect  each  other  on  the  indefinite  per- 
spective a^  V.  P.  as  at  a^  which  is  the  perspective 
of  Ai.  The  45°  fines  through  Ci  intersect  the 
picture  plane  190.5  and  158.5  feet  to  the  left  of 
s^,  and  are  shown  as  c^  and  c^  respectively. 
These  lines  vanish  in  (V.  P.);,  and  (V.  P.)/  re- 
spectively. They  should  intersect  each  other  in 
the  indefinite  perspective  c^  V.  P.  at  Ci,  which  is 
the  perspective  of  Ci.  The  perspectives  of  the 
points  A  and  C  are  shown  at  a  and  c,  and  are 
obtained  in  the  same  way  as  a^  and  Ci,  except  in 
a  plane  parallel  to  the  plane  of  the  base  and  30.5 
feet  above  it.    The  perspective  of  P  is  found  by 
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finding  the  perspective  of  three  fines  passing 
through  P,  one  being  perpendicular  and  the 
other  two  making  45°  with  the  picture  plane. 
The  perspective  of  the  point  where  they  meet  is 
the  perspective  p  of  the  point  P.  The  perpen- 
dicular line  and  the  45°  lines  intersect  the  picture 
planes  190,  212,  168  feet  to  the  left  of  <  respect- 
ively, and  47  feet  above  it  as  shown  at  p'",  pl,  p^. 
These  three  lines  have  their  vanishing  points  in 
V.  P.;  (V.  P.)r;  (V.  P.)/,  and  where  they  meet  is 
the  perspective  p  of  the  point  P.  The  perspec- 
tive of  Pi  is  on  the  indefinite  perspective  of  p''  V.  P. 
and  in  the  plane  of  the  near  end  of  the  building. 
One  45°  fine  through  Pi  intersects  the  picture 
plane  174  feet  to  the  left  of  s"^  and  47  feet  above 
it  as  at  p^.  The  vanishing  point  of  this  fine  is 
(V.  P.)/  and  its  indefinite  perspective  is  p^  (V.  P.)/ 
intersecting  p'^Y.  P.  in  pi  the  perspective  of  Pi. 
The  perspective  of  the  other  45°  line  is  not  shown 
and  would  serve  only  as  a  check  in  the  perspec- 
tive pi.  Join  a  pi  and  c  pi  and  we  have  the  per- 
spectives of  A  Pi  and  C  Pi.  On  these  perspectives 
are  the  perspectives  of  0  and  R  respectively,  and 
hence  the  perspective  oi  0  R.  0  P  is  a  horizontal 
line  and  parallel  to  the  picture  plane,  hence  its 
perspective  is  parallel  to  the  horizon.  This  fine 
is  6  feet  below  Pi  therefore  its  vertical  projection 
d"  r"  wifi  be  6  feet  below  the  vertical  projection 
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p"  of  the  point  P.  The  middle  point  of  o'"r''  is 
h"",  which  is  the  projection  of  B.  The  perspective 
of  5  is  on  a  perpendicular  through  pt  and  where 
the  indefinite  perspective  ^'^  V.  P.  intersects  it  is  the 
perspective  h  of  the  point  B.  The  perspective  oiOR 
passes  through  h  and  is  parallel  to  the  horizon,  and 
intersects  a  pi  and  c  pi  in  o  and  r  respectively. 
As  a  check  the  indefinite  perspective  o^'Y.  P.  and 
r"  V.  P.  should  pass  through  o  and  r  respectively. 
We  now  have  ao,  or,  and  c r  as  the  perspectives 
oi  AO,  0  R,  and  C  R.  The  perspectives  of  0  P 
and  RP  are  now  drawn  and  are  shown  as  op 
and  rp.  As  a  check  on  these  last  two  lines  we 
can  compute  the  distances  of  their  vanishing 
points  and  locate  them  by  scale.  The  vanishing 
point  oi  R  P  will  be  111  feet  above  (V.  P.)z  and 
that  of  0  P,  111  feet  above  (V.  P.)..  By  con- 
necting the  points  in  proper  sequence  we  have 
the  perspective  a^aopreci  of  the  end  A^AOP 
RCC„ 

By  the  same  method  the  perspective  of  Fi  can 
be  found  as  shown  at/i.  The  construction  lines 
intersect  the  picture  plane  164.5;  206.5  (not 
shown)  and  122.5  feet  to  the  left  of  <.  The 
first  intersection  is  shown  at  f^  and  the  third  at 
f^,  and  the  second  intersection  would  be  used 
only  as  a  check.  By  following  the  same  methods 
you  can  locate  the  perspectives  of  all  the  corners 
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of  the  building,  and  we  have  finally  the  perspec- 
tive aiaopdflkj,  etc.  of  the  object  AiAOP 
DFLKJ,etc, 

The  above  description  with  the  aid  of  the  addi- 
tional construction  lines  should  be  enough  to  give 
a  thorough  understanding  of  the  perspective  in 
Fig.  12  and  of  the  object  shown  in  Fig.  11. 

PROBLEM    IN    PARALLEL    PERSPECTIVE 

XX.  Find  the  perspective  of  all  the  problems 
under  parallel  perspective  in  Part  I,  but  solve  them 
all  by  the  method  of  scale. 
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Chapter  VIII 
ANGULAR  PERSPECTIVE 

XXI.  Figure  13  shows  the  working  drawings  of 
a  cube  and  a  parallelepiped  block  resting  upon  one 
edge  of  the  cube.  It  occupies  the  same  position 
as  in  Fig.  4.  The  faces  of  the  cube  being  30° 
and  60°  with  the  picture  plane,  and  the  near 
edge  of  the  cube  4  feet  behind  the  picture  plane. 
The  base  of  the  cube  is  11.6  feet  below  the  horizon 
plane.  The  station  is  4.4  feet  to  the  right  of  the 
near  corner  of  the  cube  and  21.2  feet  in  front  of 
the  picture  plane.  This  makes  the  vanishing 
point  of  45°  hues  21.2  feet  to  the  left  and  right 
of  the  center  of  picture.  Figure  13  also  shows 
such  computed  distances  as  will  enable  you  to 
find  the  distance  to  the  left  or  right  of  the  center 
of  picture,  and  the  distance  above  the  base  plane 
of  the  points  where  the  perpendicular  and  45° 
lines  intersect  the  picture  plane. 

Figure  14  is  the  perspective  of  the  object  as 
shown  in  Fig.  13.  The  horizon  is  drawn,  and 
11.6  feet  below  it  is  shown  the  intersection  of  the 
plane  of  the  base  of  the  cube  and  the  picture 
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plane.  The  vertical  projection  of  the  station  is 
shown  at  s",  and  is  also  the  vanishing  point  of 
lines  perpendicular  to  the  picture  plane,  as  well  as 
the  center  of  picture.  The  projection  of  this 
point  on  the  base  Une  is  shown  at  s^,  from  which 
measurements  are  taken  to  the  left  or  right. 

The  perspective  of  the  point  Bi  will  first  be 
located.  A  perpendicular  line  through  B^  inter- 
sects the  picture  4.4  feet  to  the  left  of  the  station, 
and  its  vertical  projection  is  4.4  feet  to  the  left 
of  si  as  shown  in  6J'.  The  indefinite  perspective 
of  this  perpendicular  line  is  fcJ'V.  P.  The  two 
45°  fines  intersect  the  base  fine  in  h'^  and  b^ 
(4.4  d=  4.0  =  8.4  and  0.4),  8.4  and  0.4  feet  respect- 
ively to  the  left  of  s'^.  The  indefinite  perspec- 
tives of  these  45°  fines  are  h^  (V.  P.),  and  h^ 
(V.  P.)/  These  three  perspectives  should  meet  in 
a  point,  and  where  they  meet  is  hi  the  perspective 
of  Bi.  The  perspective  of  A^  is  found  by  the 
same  class  of  lines,  and  they  intersect  the  picture 
plane  in  a^,  a^,  and  aj,  each  being  11.33,  19.33, 
3.33  to  the  left  of  s^.  The  perspective  of  C  is  in 
a  plane  8  feet  higher  than  the  base  plane.  In 
this  plane  we  use  perpendicular  and  45°  fines  as 
in  the  base  plane,  and  they  intersect  the  picture 
plane  in  c^^,  c'^,  cl,  which  are  0.4,  11.33  feet  to  the 
left  and  10.93  feet  to  the  right  of  <  and  8  feet 
above  the  base  plane.    These  three  indefinite  per- 


ANGULAR  PERSPECTIVE  65 

spectives  cl  V.  P.;  <  (V.  F.)/,  cl  (V.  P.)/  meet  in 
the  same  point  c,  which  is  the  perspective  of  C. 
In  Hke  manner  the  perspective  of  all  the  corners 
of  the  cube  can  be  found  and  connected  in  the 
proper  sequence,  thus  completing  the  perspective 
of  the  cube  A^  Bi  B  C  D.  Another  check  is  to 
find  the  vanishing  points  of  the  systems  of  lines 
A  B,  etc.,  and  B  C  etc.  They  can  be  computed 
and  are  in  the  horizon  to  the  left  and  right  of  s" 
36.72,  12.24  feet,  and  are  shown  as  (V.  P.)'; 
(V.  P.)^ 

The  perspective  of  the  parallelopiped  block  will 
now  be  drawn.  One  edge  of  this  block  rests  in 
the  base  plane,  and  we  will  find  the  perspective 
of  the  point  F  of  this  edge.  The  three  construc- 
tion hues  that  we  wish  to  use  intersect  the  picture 
plane  on  the  base  Hne  in  the  points  /"",  f^,  f^,  and 
are  19.09,  33.65,  4.53  feet  to  the  left  of  <.  The 
indefinite  perspectives  from  these  points  meet  in 
the  point  /,  which  is  the  perspective  of  F.  The 
perspective  of  E  can  be  found  as  you  did  F,  but 
where  the  construction  hues  intersect  the  picture 
plane  is  in  a  Hne  parallel  to  the  base  line  and  2.19 
feet  above  it.  These  points  are  shown  at  e^  e^  e^j 
and  are  20.60,  36.03,  5.17  to  the  left  of  <,,.  The 
perspective  of  G  is  ^  in  a  plane  parallel  to  the 
base  plane  and  15.31  feet  above  it.  The  con- 
struction  lines    intersect   the    picture    plane    m 
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Q"y  gly  gl',  6.41,  13.64  feet  to  the  left  and  0.82 
feet  to  the  right  respectively  of  s^^.  The  other 
corners  can  be  gotten  in  the  same  way  and  by 
connecting  in  proper  sequence  we  have  the  per- 
spective efghi,  etc.,  of  the  parallelopiped  block 
E F  G KL,  etc.  Another  check  on  this  is  to  find 
the  vanishing  points  of  the  systems  of  hnes  E  G, 
etc.  and  E  F,  etc.  These  can  be  computed,  and 
they  lie  directly  below  and  above  (V.  P.)^  respect- 
ively. Another  check  is  that  the  block  rests  in 
the  center  of  the  edge  A  D  of  the  cube. 

PROBLEMS  IN  ANGULAR  PERSPECTIVE 

XXII.  Find  the  perspective  of  all  the  problems 
under  angular  perspective  in  Part  I,  but  solve 
them  all  by  the  method  of  scale. 
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Chapter  IX 


PERSPECTIVES  OF  CURVES 

XXIII.   Figure  15  shows  the  projections  of  a 
cylinder  with  its  proper  location  from  the  pic- 
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ture  and  horizon  planes.  The  cyHnder  is  15  feet  in 
diameter  and  18  feet  long.  The  upper  base  is  10 
feet  below  the  horizon  plane.    The  axis  is  parallel 
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to  the  picture  plane  and  12.5  feet  behind  it.  The 
station  is  to  the  right  of  the  axis  of  the  cyUnder 
20  feet  and  18.75  feet  in  front  of  the  picture  plane. 
This  drawing  also  shows  the  projections  of  two 
points,  A,  B  and  A^,  B^  on  each  base  of  the  cyUn- 
der, and  the  horizontal  projections  of  the  con- 
struction hues  through  these  points.  The  points 
where  these  construction  lines  intersect  the  pic- 
ture plane  will  have  to  be  computed.  The  pro- 
jections of  the  construction  Hues  through  A 
intersect  the  picture  plane  in  af,  a^,  af,  through 
B  in  6f,  ?)f,  hi,  and  the  vanishing  points  in 
(V.  P.)^  (V.  P.)^  (V.  p.)?. 

Figure  16  shows  the  perspective  of  this  cylinder 
in  the  position  shown  by  Fig.  15.  The  horizon  is 
first  drawn  and  the  vertical  projection  s"  of  the 
station  located.  This  is  also  the  vanishing  point 
V.  P.  The  vanishing  points  (V.  P.)^  and  (V.  P.), 
are  also  located  being  18.75  feet  to  the  left  and 
right  of  s"  or  V.  P.  The  lower  base  line  is  located 
28  feet  below  the  horizon,  and  sj'  is  projected 
from  s"  upon  it,  and  is  the  initial  point  for  measur- 
ing points  in  the  lower  base  line.  The  construc- 
tion Hues  through  A^  intersects  the  base  hne  in 
al,  al,  al,  and  are  25.3,  43.1,  7.5  feet  to  the  left 
of  sj".  These  indefinite  perspectives  meet  in  the 
point  a^  which  is  the  perspective  of  the  point  A^, 
The  perspective  of  Bi  is  h^  at  the  intersection  of 
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the  indefinite  perspectives  of  the  construction 
hnes  through  B^,  They  intersect  the  lower  base 
Une  in  h";,  h^  h^,  at  22.87,  28.44,  17.30  feet  to  the 
left  of  Si.  The  construction  lines  for  the  per- 
spectives A  and  B  intersect  the  picture  plane  at 
the  same  distances  to  the  left  of  s""^^,  which  is 
directly  above  s^,  as  those  for  A^  and  B^  intersect 
to  the  left  of  sj',  but  in  a  plane  18  feet  above  the 
lower  base  plane,  as  shown  at  a",  aj,  aj,  6'',  6J,  6J. 
As  a  second  check  a  is  directly  above  a^  and  h 
directly  above  61,  which  are  two  elements  of  the 
cylinder.  The  perspective  of  the  points  in  the 
upper  base  as  well  as  in  the  lower  base  are  con- 
nected by  a  smooth  curve,  and  we  have  the  per- 
spectives of  the  upper  and  the  lower  bases.  The 
extreme  elements  are  drawn  tangent  to  these 
perspectives  of  the  bases,  and  this  completes  the 
perspective  aha^h^  of  the  cy Under  AB  A^B^. 

PROBLEMS  IN  PERSPECTIVE  OF  CURVES 

XXIV.  Find  the  perspective  of  all  the  problems 
under  perspective  of  curves  in  Part  I,  but  solve 
them  all  by  the  method  of  scale. 


Chapter  X 

PERSPECTIVE  OF  SHADOWS 

XXV.  These  are  obtained  by  finding  the  per- 
spective of  the  horizontal  projection  of  the  rays  and 
the  perspective  of  the  rays  themselves  and  where 
they  intersect  is  the  perspective  of  the  shadow 
of  the  point.  This  is  called  the  method  by  the 
vanishing  point  of  rays.  This  method  has  been 
shown  in  Fig.  7,  Part  I,  where  the  vanishing 
points  were  obtained  by  drafting  methods.  In 
using  the  method  by  scale  the  vanishing  points 
are  located  by  scaling  the  distance  that  the  sta- 
tion is  in  front  of  the  picture  plane.  The  van- 
ishing point  of  the  horizontal  projection  of  the 
rays  is  in  the  horizon,  therefore  their  vanishing 
point  (V.  P.)^,  Fig.  7,  is  found  by  scahng  on  the 
horizon  to  the  right  of  the  vertical  projection  of 
the  station  s"".  The  vanishing  point  of  the  rays 
themselves  is  in  a  Hne  perpendicular  to  the  horizon 
through  (V.  P.)^,  Fig.  7,  and  below  it  the  distance 
that  the  station  is  in  front  of  the  picture  plane. 
Having  obtained  the  perspective  of  a  point  and 
its  projection  on  the  horizontal  plane  that  the 
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shadow  is  on,  we  can  now  obtain  the  perspective 
of  the  shadow  of  this  point  as  described  under 
Fig.  7,  Part  I. 

PROBLEMS  IN  THE  PERSPECTIVE  OF 
SHADOWS 

XXVI.  1.  Find  the  perspective  of  all  the  prob- 
lems under  perspective  of  shadows  in  Part  I,  but 
find  your  vanishing  points  by  the  method  of 
scale. 

2.  Find  the  perspective  of  the  shadow  of  the 
above  objects  on  oblique  planes,  and  on  planes 
perpendicular  to  the  horizontal  plane,  but  obhque 
to  the  vertical  plane. 
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including  Electric  Generation,  Measurement,  Storage,  and  Distri- 
bution.    Tenth  Edition,  illustrated.     12mo,  cloth $i  .50 

The  Elements  of  Dynamic  Electricity  and  Magnetism. 

Third  Edition.,    120  illustrations.     12mo,  cloth $2.00 

Power  Transmitted  by  Electricity,  and  its  AppUcation 

by  the  Electric  Motor,  including  Electric  Railway  Construction. 
Third  Edition,  fully  revised,  new  matter  added,  illustrated.  12mo 
cloth $2.00 

AUCHINCLOSS,  W.  S.  Lmk  and 'Valve  Motions  Simpli- 
fied. Illustrated  with  29  wood-cuts,  20  lithographic  plates,  to- 
gether with  a  Travel  Scale,  and  numerous  useful  tables.  Four- 
teenth Edition,  revised.     8vo,  cloth $2.00 

BEAUMONT,  ROBERT.     Color  in  Woven  Design.     With 

32  colored  plates  and  numerous  original  illustrations.  Thick 
12mo $7.50 
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DORR,  B.  F.     The  Surveyoir's  Guide  and  Pocket  Table- 

Book.      Fifth   Edition,   thoroughly  revised   and   greatly   extended. 
.  With  a  second  appendix  up  to  date.     16mo,  morocco,  flaps..    $2.00 

DRAPER,   C.   H.     Heat,   and   the   Principles   of  Thermo- 

Dynamics.  With  many  illustrations  and  numerical  examples. 
12mo,  cloth $1 .  50 

ECCLES,  Dr.  R.  G.     Food  Preservatives ;  their  Advantages 

and   Proper  Use.     With  an  Introduction  by  E.   W.   Duckwall, 

M.S.     8vo,  202  pp.,  cloth $1 .00 

' '         paper 50 

ELIOT,  Prof.  C.  W.,  and  STORER,  Prof.  F.  H.  A.  Com- 
pendious Manual  of  Qualitative  Chemical  Analysis.  Revised  with 
the  co-operation  of  the  authors,  by  Prof.  William  R.  Nichols. 
Illustrated.  Twenty-first  Edition,  newly  revised  by  Prof.  W.  B. 
Lindsay  and  F.  H.  Storer.     12mo,  cloth $1 .  50 

EVERETT,  J.  D.  Elementary  Text-Book  of  Physics.  Il- 
lustrated.    Seventh  Edition.     12mo,  cloth $1 .40 

FANNING,  Col.  J.  T.     A  Practical  Treatise  on  Hydraulic 

and  Water-supply  Engineering.  Relating  to  the  Hydrology,  Hy- 
drodynamics and  Practical  Construction  of  Water-works  in  North 
America.  180  illus.  Svo,  cloth.  Fifteenth  Edition,  revised,  en- 
larged, and  new  tables  and  illustrations  added.     650  pp $5.00 

FISH,  J.  C.  L.     Lettering  of  Working  Drawings.     Thirteen 

plates,  with  descriptive  text.     Oblong,  9X12^,  boards.  .  .  .$1.00 

FOSTER,  H.  A.     Electrical  Engineers'  Pocket-Book.     With 

the  Collaboration  of  Eminent  Specialists.  A  handbook  of  useful 
data  for  Electricians  and  Electrical  Engineers.  With  innumer- 
able tables,  diagrams,  and  figures.  Third  Edition,  revised.  Pocket 
size,  full  leather,  1000  pages $5.00 

FOX,    WM.,    and    THOMAS,    C.    W.,    M.E.     A    Practical 

Course  in  Mechanical  Drawing.  With  plates.  Second  Edition, 
revised.     12mo,  cloth $1 .  25 

GEIKIE,  J.  Structural  and  Field  Geology,  for  Students 
of  Pure  and  Applied  Science.  With  figures,  diagrams,  and  half- 
tone plates.     Svo,  cloth,  illustrated net,  $4.00 

GILLMORE,  Gen.  Q.  A.  Practical  Treatise  on  the  Con- 
struction of  Roads,  Streets,  and  Pavements.  Tenth  Edition. 
With  70  illustrations.     12mo,  cloth $2.00 
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GOODEVE,   T.   M.     A  Text-Book   on   the   Steam-Engine. 

With  a  Supplement  on  Gas-Engines,  Twelfth  Edition,  enlarged. 
143  illustrations.     12mo,  cloth $2.00 

GUY,    A.    E.     Experiments    on    the    Flexure    of    Beams, 

resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling. 
Reprinted  from  the  "American  Machinist."  With  diagrams  and 
folding  plates,     8vo,  cloth,  illustrated net,  $1 .25 

HAEDER,  HERMAN,  C.E.  A  Handbook  on  the  Steam- 
Engine.  With  especial  reference  to  small  and  medium-sized  en- 
gines. Third  English  Edition,  re-edited  by  the  author  from  the 
second  German  edition,  and  translated  with  considerable  addi- 
tions and  alterations  by  H.  H  P.  Powles.  12mo,  cloth.  Nearly 
1100  illustrations $3 .00 

HALL,  WM.  S.,  Prof.     Elements  of  the  Differential  and 

Integral  Calculus.     Sixth  Edition,  revised.     8vo,  cloth,  illustrated. 

net,  $2 .  25 

Descriptive  Geometry ;   with  Nvmierous  Problems  and 

.   Practical  Applications.     Comprising  an  8vo  volume  of  text  and 
a  4to  Atlas  of  illustrated  problems.     Two  vols.,  cloth.  .  .net,  $3.50 

HALSEY,  F.  A.     SUde-Valve  Gears:    an  Explanation  of  the 

Action  and  Construction  of  Plain  and  Cut-off  Slide-Valves.  Illus- 
trated.    Eighth  Edition,  revised  and  enlarged.     12mo,  cloth.   $1.50 

HANCOCK,    HERBERT.     Text-Book    of    Mechanics    and 

Hydrostatics.     With  over  500  diagrams.     8vo,  cloth $1.75 

HARDY,    E.     Elementary   Principles    of    Graphic    Statics. 

Containing  192  diagrams.     8vo,  cloth,  illustrated $1 .50 

HAY,  A.     Alternating  Currents ;    Their  Theory,  Generation 

and  Transformation.     8vo,  cloth,  illustrated net,  $2 .  50 

HECK,  Prof.  R.  C.  H.     The  Steam-Engine.     Vol.  I.     The 

Thermodynamics  and  the  Mechanics  of  the  Engine.  8vo,  cloth, 
391  pp.,  illustrated net,  $3 .  50 

Vol.    II.  Form,    Construction,    and   Working    of   the 

Engine.     The  Steam-Turbine In  Press. 

HERRMANN,  GUSTAV.  The  Graphical  Statics  of  Mech- 
anism. A  Guide  for  the  Use  of  Machinists,  Architects,  and 
Engineers;  and  also  a  Text-Book  for  Technical  Schools.  Trans- 
lated and  annotated  by  A.  P.  Smith,  M.E.  7  folding  plates. 
Fourth  Edition.     12mo,  cloth $2.00 
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HIRQI,    I.     Statically-Indeterminate    Stresses    in    Frames 

Commonly  used  for  Bridges.  With  figures,  diagrams,  and  ex- 
amples.    12mo,  cloth,  illustrated. net,  $2.00 

HOPKINS,  Prof.  N.  MONROE.  Experimental  Electro- 
chemistry, Theoretically  and  Experimentally  Treated,  A  Lec- 
ture Room  and  Laboratory  Manual  for  Colleges  and  Universities. 
With  a  bibliography  and  130  figures  and  diagrams.  300  pages. 
8vo,  illustrated net,  83 .00 

HUTCHINSON,  R.  W.,  Jr.     Long-Distance  Electric  Power 

Transmission.  Being  a  treatise  on  the  Hydro-Electric  Grenera- 
tion  of  Energy:  Its  Transformation,  Transmission,  and  Distri- 
bution,    12mo,  cloth,  illustrated In  Press. 

—  and  IHLSENG,  M.  C.     Electricity  in  Mining,    being 

a  Theoretical  and  Practical  Treatise  on  the  Construction,  Opera- 
tion, and  Maintenance  of  Electrical  Mining  Machinery,  12mo, 
cloth,  illustrated In  Press. 

JAMIESON,  ANDREW,  C.E.     A  Text-Book  on  Steam  and 

Steam-Engines,  Specially  arranged  for  the  Use  of  Science  and 
Art,  City  and  Guilds  of  London  Institute,  and  other  Engineering 
Students.     Fourteenth  Edition,  revised.    Illustrated.     12mo,  cloth. 

$3.00 

Elementary  Manual  on  Steam,  and  the  Steam-Engine. 

Specially  arranged  for  the  Use  of  First- Year  Science  and  Art, 
City  and  Guilds  of  London  Institute,  and  other  Elementary 
Engineering  Students.    Tenth  Edition,  revised.   12mo,  cloth.  $1.50 

JANNETTAZ,  EDWARD.     A  Guide  to  the  Determination 

of  Rocks:  being  an  Introduction  to  Lithology.  Translated  from 
the  French  by  G.  W.  Plynipton,  Professor  of  Physical  Science  at 
Brooklyn  Polytechnic  Institute,     12mo,  cloth $1 .  50 

JOHNSTON,  Prof.  J.  F.  W.,  and  CAMERON,  Sir  CHARLES. 

Elements  of  Agricultural  Chemistry  and  Geology,  Seventeenth 
Edition.     12mo,  cloth $2 .  60 

JONES,  Prof.  H.  C.     The  Electrical  Nature  of  Matter  and 

Radioactivity.     12mo,  cloth,  illustrated $2.00 

KAPP,  GISBERT,  C.E.     Electric  Transmission  of  Energy, 

and  its  Transformation,  Subdivision,  and  Distribution,  A  prac- 
tical handbook.    Fourth  Edition,  revised.     12mo,  cloth. ...  $3.50 
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KEMP,  JAMES   FURMAN,   A.B.,   E.M.     A   Handbook   of 

Rocks;  for  use  without  the  microscope.  With  a  glossary  of  the 
names  of  rocks  and  other  lithological  terms.  Second  Edition, 
revised.     8vo,  cloth,  illustrated $1 .  50 

KLEIN    J.    F.     Design    of    a    High-Speed    Steam-engine. 

With  notes,  diagrams,  formulas,  and  tables.  Second  Edition, 
revised  and  enlarged.     8vo,  cloth,  illustrated.     257  pp..  .net,  $5.00 

KNIGHT,  A.  M.,  Lieut.-Com.  U.S.N.  Modem  Seaman- 
ship.    Illustrated  with  136  full-page  plates  and  diagrams.     8vo, 

cloth,  illustrated.     Third  Edition,  revised net,  $6.00 

Half  morocco $7 .  50 

KNOTT,  C.  G.,  and  MACKAY,  J.  S.     Practical  Mathematics. 

With  numerous  examples,  figures,  and  diagrams.  New  Edition. 
Svo,  cloth,  illustrated $2 .  00 

KRAUCH,    C,    Dr.     Testing    of    Chemical    Reagents    for 

Purity.  Authorized  translation  of  the  Third  Edition,  by  J.  A. 
Williamson  and  L.  W.  Dupre.  With  additions  and^  emendations 
by  the  author.     Svo,  cloth ". .  .  ne^  $4 .  50 

LASSAR-COHN,   Dr.     An  Introduction  to  Modem  Scien- 

•  tific  Chemistry,  in  the  form  of  popular  lectures  suited  to  Univer- 
sity Extension  Students  and  general  readers.  Translated  from 
the  author's  corrected  proofs  for  the  second  German  edition  by 
M.  M.  Pattison  Muir,  M.A.     12mo,  cloth,  illustrated $2.00 

LODGE,    OLIVER    J.     Elementary    Mechanics,    including 

Hydrostatics  and  Pneumatics.     Revised  Edition.     12mo,  cloth. 

$1.50 

LUCKE,    C.   E.     Gas   Engine   Design.     With   figures   and 

diagrams.     Second  Edition,  revised.     Svo,  cloth,  illustrated. 

net,  $3.00 

LUQUER,  LEA  McILVAINE,  Ph.D.     Minerals  in  Rock  Sec- 

■tions.  The  Practical  Method  of  Identifying  Minerals  in  Rock 
Sections  with  the  Microscope.  Especially  arranged  for  Students 
in  Technical  and  Scientific  Schools.  New  Edition,  revised.  Svo, 
cloth.     Illustrated net,  $1 .  50 

MARKS,  G.  C.  Hydraulic  Power  Engineering.  A  Prac- 
tical Manual  on  the  Concentration  and  Transmission  of  Power 
by  Hydraulic  Machinery.  With  over  200  diagrams  and  tables. 
Svo,  cloth,  illustrated $3 .  50 
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MARSH,  C.  F.  Reinforced  Concrete.  With  full-page  and 
folding  plates,  and  512  figures  and  diagrams.  4to,  cloth,  illus- 
trated  net,  $7.00 

MERCK,     E.     Chemical    Reagents;      Their    Purity    and 

Tests In  Press, 

MILLER,  E.  H.  Quantitative  Analysis  for  Mining  Engi- 
neers.    8vo,  cloth net,  $1 .  50 

MINIFIE,   WM.     Mechanical   Drawing.     A  Text-Book   of 

Geometrical  Drawing  for  the  use  of  Mechanics  and  Schools,  in 
which  the  Definitions  and  Rules  of  Geometry  are  familiarly  ex- 
plained; the  Practical  Problems  are  arranged  from  the  most 
simple  to  the  more  complex,  and  in  their  description  technicali- 
ties are  avoided  as  much  as  possible.  With  illustrations  for 
Drawing  Plans,  Sections,  and  Elevations  of  Railways  and  Ma- 
chinery: an  Introduction  to  Isometrical  Drawing,  and  an  Essay 
on  Linear  Perspective  and  Shadows.  Illustrated  with  over  200 
diagrams  engraved  on  steel.  Tenth  Thousand.  With  an  appen- 
dix on  the  Theory  and  Application  of  Colors.     8vo,  cloth. .   $4.00 

Geometrical    Drawing.     Abridged    from    the    Octavo 

Edition,  for  the  use  of  schools.  Illustrated  with  48  steel  plates. 
Ninth  Edition.     12mo,  cloth $2.00 

MOSES,  ALFRED  J.,  and  PARSONS,  C.  L.     Elements  of 

Mineralogy,  Crystallography,  and  Blow-Pipe  Analysis  from  a 
Practical  Standpoint.  336  illustrations.  New  and  enlarged 
Edition.     8vo,  cloth $2 .  50 

MOSS,  S.  A.  Elements  of  Gas-Engine  Design.  Reprint 
of  a  Set  of  Notes  accompanying  a  Course  of  Lectures  delivered 
at  Cornell  University  in  1902.  16mo,  cloth,  illustrated.  (Van 
Nostrand's  Science  Series.) $0 .  50 

NASMITH,    JOSEPH.     The    Student's    Cotton    Spinning. 

Third  Edition,  revised  and  enlarged.     8vo,  cloth,  illustrated. .   $3 .  00 

NIPHER,  F.  E.,  A.M.     Theory  of  Magnetic  Measurements. 

With  an  Appendix  on  the  Method  of  Least  Squares.  12mo, 
cloth $1 .  00 

NUGENT,   E.     Treatise    on   Optics;     or.   Light   and   Sight 

theoretically  and  practically  treated,  with  the  application  to  Fine 
Art  and  Industrial  Pursuits.  With  103  illustrations.  12mo. 
cloth $1 .  50 
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OLSEN,  Prof.  J.  C.     Text-Book  of  Quantitative  Chemical 

•  Analysis  by  Gravimetric,  Electrolytic,  Volumetric,  and  Gaso- 
metric  Methods.  With  seventy-two  Laboratory  Exercises  giving 
the  analysis  of  Pure  Salts,  Alloys,  Minerals,  and  Technical  Prod- 
ucts.    Second  Edition,  revised.     8vo,  cloth,  illustrated.     51 3  pages, 

nef,  $4.00 

OUDIN,  MAURICE  A.     Standard  Polyphase  Apparatus  ani 

Systems.  With  many  diagrams  and  figures.  Third  Edition, 
tihorotighly  revised.     Fully  illustrated 1 3 .  00 

PALAZ,  A.,  Sc.D.     A  Treatise  on  Industrial  Photometry, 

with  special  application  to  Electric  Lighting.  Authorized  transla- 
tion from  the  French  by  George  W.  Patterson,  Jr.  8vo,  cloth, 
illustrated $4.00 

PARSHALL,  H.  F.,  and  HOBART,  H.  M.  Armature  Wind- 
ings of  Electric  Machines.  With  140  full-page  plates,  65  tables, 
and  165  pages  of  descriptive  letter-press.     4to,  cloth.  ...   $7.50 

PATTON,     H.     B.     Lecture     Notes     on     Crystallography. 

Revised  Edition,  largely  rewritten.  Prepared  for  use  of  the  stu- 
dents at  the  Colorado  School  of  Mines.  With  blank  pages  for 
note-taking.     8vo,  cloth net,  $1 .25 

PAULDING,  CHAS.  P.  Practical  Laws  and  Data  on  Con- 
densation of  Steam  in  Covered  and  Bare  Pipes.  Svo,  cloth, 
illustrated.     102  pages net,  $2.00 

Ther  Transmission  of  Heat  through  Cold-storage  In- 
sulation. Formulas,  Principles,  and  Data  relating  to  Insulation 
of  every  kind.  A  Manual  for  Refrigerating  Engineers.  12mo, 
cloth.    41  pages,  illustrated. net,  $1 .  00 

PERRINE,  F.  A.  C,  A.M.,  D.Sc.     Conductors  for  Electrical 

Distribution;  Their  Manufacture  and  Materials,  the  Calculation 
of  the  Circuits,  Pole  Line  Construction,  Underground  Working 
and  other  Uses.  With  diagrams  and  engravings.  Second  Editio'i, 
revised.     Svo,   cloth net,  $3  .  50 

PERRY,  JOHN.     Applied  Mechanics.     A  Treatise  for  the 

Use  of  Students  who  have  time  to  work  experimental,  numerical, 
and  graphical  exercises  illustrating  the  subject.  650  pages.  Svo, 
cloth net,  $2.50 
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PLATTNER.  Manual  of  Qualitative  and  Quantitative  Analy- 
sis with  the  Blow-Pipe.  From  the  last  German  edition,  revised 
and  enlarged,  by  Prof.  Th.  Richter,  of  the  Royal  Saxon  Mining 
Academy.  Translated  by  Prof.  H.  B.  Cornwall,  assisted  by 
John  H.  Caswell.  Illustrated  with  78  woodcuts.  Eighth  Edition, 
revised.     463  pages.     8vo,  cloth net,  $4.00 

POPE,  F.  L.     Modern  Practice  of  the  Electric  Telegraph. 

A  Technical  Handbook  for  Electricians,  Managers,  and  Operators. 
Seventeenth  Edition,  rewritten  and  enlarged,  and  fully  illustrated. 
Svo,  cloth $1 .  50 

PRELINI,    CHARLES.     Tunneling.     A   Practical   Treatise 

containing  149  Working  Drawings  and  Figures.  With  additions 
by  Charles  S.  Hill,  C.E.,  Associate  Editor  "Engineering  News." 
Third  Edition,  revised.     8vo,  cloth,  illustrated $3 .  00 

Earth  and  Rock  Excavation.  A  Manual  for  Engi- 
neers, Contractors,  and  Engineering  Students.  Second  Edition, 
revised.    Svo,  cloth,  illustrated.     350  pp net,  $3 .  00 

Retaining  Walls  and  Dams.     8vo,  cloth,  illustrated. 

In  Press.- 

PRESCOTT,  Prof.  A.  B.     Organic  Analysis.     A  Manual  of 

the  Descriptive  and  Analytical  Chemistry  of  Certain  Carbon 
Compounds  in  Common  Use;  a  Guide  in  the  Qualitative  and 
Quantitative  Analysis  of  Organic  Materials  in  Commercial  and 
Pharmaceutical  Assays,  in  the  Estimation  of  Impurities  under 
Authorized  Standards,  and  in  Forensic  Examinations  for  Poisons, 
with  Directions  for  Elementary  Organic  Analysis.  Fifth  Edition. 
Svo,  cloth ; .-. . .   $5.00 

OutUnes  of  Proximate  Organic  Analysis,  for  the  Iden- 
tification, Separation,  and  Quantitative  Determination  of  the 
more  commonly  occurring  Organic  Compounds.  Fourth  Edition. 
12mo,  cloth $1 .  75 

First  Book  in  Qualitative  Chemistry.     Twelfth  edition. 

12mo,  cloth net,  SI .  50 

and    OTIS    COE    JOHNSON.     Qualitative   Chemical 

Analysis.  A  Guide  in  Qualitative  Work,  with  Data  for  Analytical 
Operations  and  Laboratory  Methods  in  Inorganic  Chemistry. 
With  an  Appendix  by  H.  H.  Willard,  containing  a  few  improved 
methods  of  analysis.  Sixth  revised  and  enlarged  Edition,  entirely 
rewritten.     Svo,  cloth net,  $3 .  50 
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PROST,  E.    Manual  of  Chemical  Analysis  as  Applied  to 

the  Assay  of  Fuels,  Ores,  Metals,  Alloys,  Salts,  and  other  Mineral 
Products.  Translated  from  the  original  by  J.  C.  Smith.  Part  I, 
Fuels,  Waters,  Ores,  Salts,  and  other  mineral  industrial  products; 
Part  II,  Metals;  Part  III,  Alloys.     8vo,  cloth net,  $4.50 

RANKINE,  W.  J.  MACQUORN,  C.E.,  LL.D.,  F.R.S.     Ma- 
chinery  and    Mill-work.     Comprising    the    Geometry,    Motions,  | 
Work,    Strength,    Construction,    and   Objects    of   Machines,    etc.  \ 
Illustrated  with  nearly  300  woodcuts.     Seventh  Edition.     Thor- 
oughly revised  by  W.  J.  Millar.     8vo,  cloth $5.00 

The  Steam-Engine  and  Other  Prime  Movers.     With 

diagrams  of  the  Mechanical  Properties  of  Steam.  With  folding 
plates,  numerous  tables  and  illustrations.  Fifteenth  Edition. 
Thoroughly  revised  by  W.  J.  Millar.     8vo,  cloth $5.00 

Useful  Rules  and  Tables  for  Engineers  and  Others. 

With  appendix,  tables,  tests,  and  formulae  for  the  use  of  Electrical 
Engineers.  Comprising  Submarine  Electrical  Engineering,  Electric 
Lighting,  and  Transmission  of  Power.  By  Andrew  Jamieson, 
C.E.,  F.R.S.E.  Seventh  Edition.  Thoroughly  revised  by  W.  J. 
Millar.     8vo,  cloth $4.00 

A  Mechanical  Text-Book.     By  Prof.  Macquom  Ran- 


kine  and  E.  E.  Bamber,  C.E.  With  numerous  illustrations. 
Fourth  Edition.     8vo,  cloth $3 .  50 

Applied    Mechanics.     Comprising    the    Principles    of 

Statics  and  Cinematics,  and  Theory  of  Structures,  Mechanics, 
and  Machines.  With  numerous  diagrams.  Seventeenth  Edition. 
Thoroughly  revised  by  W.  J.  Millar.     8vo,   clotli $5.00 

Civil  Engineering.   Comprising  Engineering,  Surveys, 

Earthwork,  Foundations,  Masonry,  Carpentry,  Metal-Work, 
Roads,  Railways,  Canals,  Rivers,  Water- Works,  Harbors,  etc. 
With  numerous  tables  and  illustrations.  Twenty-first  Edition. 
Thoroughly  revised  by  W.  J.  Millar.     8vo,  cloth $6 .  50 

RATEAU,  A.     Experimental  Researches  on  the   Flow  of 

Steam  Through  Nozzles  and  Orifices,  to  which  is  added  a  note  on 
The  Flow  of  Hot  Water.  Authorized  translation  by  H.  Boyd 
Brydon.     12mo,  cloth,  illustrated net,  $1 .  50 

RAUTENSTRAUCH,  W.     Syllabus  of  Lectures  and  Notes 

on  the  Elements  of  Machine  Design.  With  blank  pages  for  Note- 
taking.     8vo,  cloth,  illustrated. net,  $2 .00 
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RAYMOND,  E.  B.  Alternating  Current  Engineering  Prac- 
tically Treated.  8vo,  cloth,  illustrated.  232  pp.  Second  Edi- 
tion, revised net,  $2 .  50 

REINHARDT,    CHAS.    W.     Lettering    for    Draughtsmen, 

Engineers,  and  Students,  A  Practical  System  of  Free-hand  Let- 
tering for  Working  Drawings.  New  and  Revised  Edition.  Twerdy- 
first  Thousand.     Oblong  boards $1 .  00 

RICE,  Prof.  J.  M.,  and  JOHNSON,  Prof.  W.  W.     On  a  New 

Method  of  Obtaining  the  Differential  of  Functions,  with  especial 
reference  to  the  Newtonian  Conception  of  Rates  of  Velocities. 
12mo,  paper $0 .  50 

RIPPER,  WILLIAM.     A  Course  of  Instruction  in  Machine 

Drawing  and  Design  for  Technical  Schools  and  Engineer  Students. 
With  52  plates  and  numerous  explanatory  engravings.  4to, 
cloth $6.00 

ROBINSON,   S.   W.     Practical   Treatise   on   the   Teeth   of 

Wheels,  with  the  theory  and  the  use  of  Robinson's  Odontograph. 
Third  Edition,  revised,  with  additions.  16mo,  cloth,  illustrated. 
(Van  Nostrand's  Science  Series.) %) .  50 

SCHMALL,  C.  N.     First   Course  in  Analytical   Geometry, 

Plane  and  Solid,  with  Nimaerous  Examples.  Containing  figures 
and  diagrams.     12mo,  cloth,  illustrated net,  $1 .  75 

and  SHACK,  S.  M.     Elements  of  Plane  Geometry. 

An  Elementary  Treatise.  With  many  examples  -and  diagrams. 
12mo,  half  leather,  illustrated net,  $1 .25 

SEATON,  A.  E.  A  Manual  of  Marine  Engineering.  Com- 
prising the  Designing,  Construction,  and  Working  of  Marine 
Machinery.  With  numerous  tables  and  illustrations  reduced  from 
Working  Drawings.  Fifteenth  Edition,  thoroughly  revised,  enlarged, 
and  in  part  rewritten.     8vo,  cloth $6.00 

and    ROUNTHWAITE,    H.    M.     A    Pocketbook    of 

Marine  Engineering  Rules  and  Tables.  For  the  use  of  Marine 
Engineers  and  Naval  Architects,  Designers,  Draughtsmen, 
Superintendents,  and  all  engaged  in  the  design  and  construction 
of  Marine  Machinery,  Naval  and  Mercantile.  With  diagrams. 
Seventh  Edition,  revised  and  enlarged.     Pocket  size.     Leather. 

$3.00 

SEIDELL,  A.  Solubilities  of  Inorganic  and  Organic  Sub- 
stances: a  handbook  of  the  most  reliable  quantitative  solubility 
determinations.     12mo,  cloth In  Press. 
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SEVER,  Prof.  G.  F.     Electrical  Engineering  Experiments 

and  Tests  on  Direct-Current  Machinery.  With  diagrams  and 
figures.     Second  Edition.      8vo,  pamphlet,  ilust  ated.  .net,  $1.00 

and  TOWNSEND,  F.     Laboratory  and  Factory  Tests 

in  Electrical  Engineering.  Second  Edition,  th  roughly  revised  and 
rewritten.     8vo,  cloth,  illustrated.     236  pp net,  $2.50 

SEWALL,   C.  H.     Lessons  in  Telegraphy.     For  use   as  a 

text-book  in  schools  and  colleges,  or  for  individual  students. 
Illustrated.     12mo,  cloth $1 .00 

SHELDON,  Prof.  S.,  Ph.D.,  and  MASON,  HOBART,  B.S. 

Dynamo  Electric  Machinery;  its  Construction,  Design,  and  Opera- 
tion. Direct-Current  Machines.  Sixth  Edition,  revised.  8vo, 
cloth,  illustrated riet,  $2 .  50 

— —  Alternating  Current  Machines.  Being  the  S3cond  vol- 
ume of  the  authors'  "Dynamo  Electric  Machinery;  its  Construc- 
tion, Design,  and  Operation."  With  many  diagrams  and  figures. 
(Binding  uniform  with  volume  I.)  Fourth  Edition.  Svo,  cloth, 
illustrated net,  $2 .  50 

SHIELDS,    J.    E.     Notes    on    Engineering    Construction. 

Embracing  Discussions  of  the  Pri^-ciples  involved,  and  Descrip- 
tions of  the  Material  employed  in  Tunneling,  Bridging,  Canal  and 
Road  Building,  etc.     12mo,  cloth $1 .  50 

SHUNK,   W.    F.     The    Field   Engineer.     A   Handy   Book 

of  practice  in  the  Survey,  Location  and  Track-work  of  Railroads, 
containing  a  large  collection  of  Rules  and  Tables,  original  and 
selected,  applicable  to  both  the  Standard  and  Narrow  Gauge, 
and  prepared  with  special  reference  to  the  wants  of  the  young 
Engineer.  Eighteenth  Edition,  revised  and  enlarged.  With 
addenda.     12mo,  morocco,  tucks $2 .  50 

SNELL,  ALBION  T.     Electric  Motive  Power:    The  Trans- 


mission and  Distribution  of  Electric  Power  by  Continuous  and 
Alternate  Currents.  With  a  section  on  the  Applications  of  Elec- 
tricity to  Mining  Work.     Svo,  cloth,  illustrated 


SNOW,  W.  G.,  and  NOLAN,  T.     Ventilation  of  Buildings. 

16mo,  cloth.     (Van  Nostrand's  Science  Series.) $0 .  50 

STAHL,  A.  W.,  and  WOODS,  A.  T.  Elementary  Mechan- 
ism. A  Text-Book  for  Students  of  Mechanical  Engineering. 
Fifteenth  Edition,  enlarged.      12mo,  cloth $2 .00 ' 
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STALEY,  CADY,  and  PIERSON,  GEO.  S.     The  Separate 

System  of  Sewerage;  its  Theory  and  Construction.  With  maps, 
plates,  and  illustrations.  Third  Edition,  revised  and  enlarged. 
Syo,  cloth $3.00 

STODOLA,  Dr.  A.  The  Steam-Turbine.  With  an  appen- 
dix on  Gas  Turbines  and  the  future  of  Heat  Engines.  Authorized 
Translation  from  the  Second  Enlarged  and  Revised  German  Edi- 
tion hj  Dr.  Louis  djoev/enstein.     8vo,  cloth,  illustrated.     434  pp. 

nei,  $4.50 

SWOOPE,  C.  WALTON.     Practical  Lessons  in  Electricity. 

Principles,  Experiments,  and  Arithmetical  Problems.  An  Ele- 
mentary Text-Bbok.  With  numerous  tables,  formulae,  and  two 
large  instruction  plates.     Seventh  Edition.     8vo,  cloth,  illustrated. 

net,  $2.00 

THURSO,  J.   W.     Modem   Turbine   Practice   and  Water- 

Power  Plants.  With  eighty-eight  figures  and  diagrams.  8vo, 
cloth,  illustrated net,  $4.00 

TOWNSEND,    F.     Short    Course    in    Alternating    Current 

Testing.     8vo,  pamphlet.     32  pp net,  $0 .  75 

TRINKS,  W.,  and  HOUSUM,  C.     Shaft  Governors.     16mo, 

cloth,  illustrated.     (Van  Nostrand's  Science  Series.) $0.50 

URQUHART,  J.  W.     Dynamo  Construction.     A  practical 

handbook  for  the  use  of  Engineer-Constructors  and  Electricians 
in  charge,  embracing  Framework  Building,  Field  Magnet  and 
Armature  Winding  and  Grouping,  Compounding,  etc.,  with  ex- 
amples of  leading  English,  American,  and  Continental  Dynamos 
and  Motors;   with  numerous  illustrations.     12mo,  cloth..  .   $3.00. 

WARREN,    F.    D.     Handbook    on    Reinforced    Concrete. 

16mo,  cloth,  271  pp.,  illustrated net,  $2 .50 

WALLING,  B.  T.,  Lieut.-Com.,  U.S.N.,  and  MARTIN, 
Julius.  Electrical  Installations  of  the  United  States  Navy.  Svo, 
cloth In  Press 

WEBB,  H.  L.  A  Practical  Guide  to  the  Testing  of  Insu- 
lated Wires  and  Cables.  Fifth  Edition.  Illustrated.  12mo, 
cloth. $1 .00 
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WEISBACH,  JULIUS.  A  Manual  of  Theoretical  Mechan- 
ics. Ninth  American  Edition.  Translated  from  the  fourth 
augmented  and  improved  German  edition,  with  an  introduction 
to  the  Calculus  by  Eckley  B.  Coxe,  A.M.,  Mining  Engineer.     1100 

pp.  and  902  woodcut  illustrations.     8vo,  cloth $6.00 

Sheep $7.50 

and  HERRMANN,  G.     Mechanics  of  Air  Machinery. 

Authorized  translation  with  an  appendix  on  American  practice 
by  Prof.  A.  Trowbridge.     8vo,  cloth,  206  pp.,  illustrated .  net,  $3 .  75 

WESTON,   EDMUND   B.     Tables   Showing   Loss   of  Head 

Due  to  Friction  of  Water  in  Pipes.    Third  Edition.     12mo,  leather. 

$1.50 

WILSON,  GEO.  Inorganic  Chemistry,  with  New  Notation. 
Revised  and  enlarged  by  H.  G.  Madan,  New  Edition.  12mo, 
cloth $2.00 

WRIGHT,  Prof.  T.  W.      Elements  of  Mechanics,  including 

Kinematics,    Kinetics,    and    Statics.     Seventh    Edition,    revised. 
8vo,  cloth $2. 50 

■ and  HAYFORD,  J.  F.  The  Adjustment  of  Observa- 
tions by  the  Method  of  Least  Squares,  with  Applications  to  Geo- 
detic Work.    Second  Edition.    8vo,  cloth,  illustrated. .  .  .net,  $3.00 
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